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13.  Abstract 


This  report  presents  the  results  of  the  Feasibility  Study  (FS)  performed  for  the  Explosive 
Washout  Lagoon  Ground  Water  of  Umatilla  Depot  Activity  (UMDA)  near  Hermiston, 
Oregon. 

UDMA  is  a  U.S.  Army  ordnance  depot  located  near  Hermiston,  Oregon.  From  the  mid- 
1950s  to  1965,  explosives,  contaminated  sludges,  and  liquid  wastes  generated  at  the 
UMDA  Washout  Plan  were  discharged  and  allowed  to  collect  and  infiltrate  into  the  soil 
at  the  Explosive  Washout  Lagoons.  Explosives  contamination  of  the  soils  and  ground 
water  led  to  its  inclusion  on  the  National  Priorities  List  by  EPA. 

The  FS  addresses  the  contamination  of  ground  water  at  the  Explosive  Washout 
Lagoons;  develops  objectives  for  ground  water  remediation;  and  identifies,  develops, 
screens,  and  evaluates  ground  water  remedial  action  alternatives. 

Basic  components  of  the  remedial  alternatives  subjected  to  a  detailed  evaluation  for  the 
contaminated  ground  water  at  the  Explosive  Washout  Lagoons  include:  No  Action; 
Institutional  Controls;  Treatment  of  the  ground  water  by  UV/Oxidation  until  the  aquifer 
meets  the  preliminary  remediation  goals;  Treatment  of  the  ground  water  by  Granular 
Activated  Carbon  (GAC)  until  the  aquifer  meets  the  preliminary  remediation  goals; 
Treatment  of  the  ground  water  by  UV/Oxidation  until  the  aquifer  meets  a  carcinogenic 
risk  of  10-4  and  a  hazard  index  of  1;  and  Treatment  of  the  ground  water  by  GAC  until 
the  aquifer  meets  a  carcinogenic  risk  of  10-4  and  a  hazard  index  of  1. 

An  evaluation  of  remedial  alternatives  was  conducted  addressing  the  response  of  the 
alternatives  to  specific  criteria  including:  protection  of  human  health  and  the 
environment;  compliance  with  Applicable  or  Relevant  and  Appropriate  Requirements 
(ARARs);  long-term  effectiveness  and  permanence;  reduction  of  toxicity,  mobility,  and 
volume  through  treatment;  short-term  effectiveness;  implementability;  and  cost. 
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1.0  Introduction 


This  report  presents  the  results  of  the  Feasibility  Study  (FS)  performed  for  the 
remediation  of  the  ground  water  associated  with  the  Explosive  Washout  Lagoons  (Site  4) 
at  the  Umatilla  Depot  Activity  (UMDA)  near  Hermiston,  Oregon.  This  report  was 
prepared  by  Arthur  D.  Little,  Inc.,  for  the  U.S.  Army  Environmental  Center  (AEC)  under 
Task  Order  No.  2  for  Contract  No.  DAAA15-91-D-0016.  The  FS  has  been  conducted  in 
accordance  with  the  Comprehensive  Environmental  Response,  Compensation,  and 
Liabihty  Act  (CERCLA)  of  1980,  as  amended  by  the  Superfund  Amendments  and 
Reauthorization  Act  (SARA)  of  1986  and  its  governing  regulations,  the  National 
Contingency  Plan  (NCP)  40  CFR  Part  300. 

Eight  operable  units  (OUs)  have  been  identified  at  the  UMDA  site  based  on  the  results  of 
the  Preliminary  Assessment  (Dames  &  Moore,  1990)  and  the  Remedial  Investigation  (RI) 
(Dames  &  Moore,  1992a): 

•  Inactive  Landfills 

•  Active  Landfill 

•  Ground  Water  Contamination  from  the  Explosive  Washout  Lagoons 

•  Ammunition  Demohtion  Area  (ADA) 

•  Miscellaneous  Sites 

•  Explosive  Washout  Plant  (Building  489) 

•  Washout  Lagoon  Soils 

•  Deactivation  Furnace  and  Surrounding  Soils 

This  FS  is  focused  on  the  evaluation  of  remedial  alternatives  for  ground  water 
contamination  from  the  Explosive  Washout  Lagoons  (Site  4),  which  has  been  designated 
as  Operable  Unit  3  (OU-3).  The  other  seven  UMDA  OUs  are  being  evaluated  in  separate 
feasibility  studies  and  other  documents. 


1.1  Purpose  and  Organization  of  Report 

1.1.1  Purpose 

UMDA  is  a  U.S.  Army  ordnance  depot  located  near  Hermiston,  Oregon.  From  the  mid- 
1950s  to  1965,  explosives,  contaminated  sludges,  and  liquid  wastes  generated  at  the 
UMDA  Washout  Plant  were  discharged  and  allowed  to  collect  and  infiltrate  into  the  soil  at 
the  Explosive  Washout  Lagoons.  Explosives  contamination  of  the  soils  and  ground 
water  led  to  its  inclusion  on  the  National  Priorities  List  by  EPA. 

This  FS  addresses  the  ground  water  contamination  resulting  from  the  discharge  activities 
to  the  Explosive  Washout  Lagoons  from  the  Explosive  Washout  Plant  (Building  489). 
The  risks  associated  with  potential  future  exposure  to  the  contaminated  ground  water 
associated  with  the  Explosive  Washout  Lagoons  exceed  the  National  Contingency  Plan 
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(NCP)  guidelines  for  carcinogenic  and  non-carcinogenic  risks  and  indicate  that 
remediation  is  required.  These  risks  are  based  on  the  potential  future  release  of  the 
UMDA  site  to  the  general  public  for  residential  or  light  industrial  development  as  part  of 
the  Army's  Base  Realignment  and  Closure  Program. 

This  FS  follows  the  guidelines  provided  in  the  EPA’s  Guidance  for  Conducting  Remedial 
Investigations  and  Feasibility  Studies  Under  CERCLA  (EPA,  1988)  including  defining 
the  contaminants  of  concern  when  compared  to  naturally  occurring  background  levels 
(such  as  metals),  and  developing,  screening,  and  evaluating  ground  water  remedial  action 
alternatives.  The  results  of  this  evaluation  will  be  used  by  the  Army,  in  consultation  with 
the  Environmental  Protection  Agency  (EPA)  and  the  Oregon  Department  of 
Environmental  Quality  (ODEQ),  to  propose  a  preferred  remedial  action  plan  for  the 
remediation  of  the  ground  water  at  Site  4.  After  the  Proposed  Plan  is  reviewed  by  the 
public,  the  Army  and  EPA  will  formalize  the  ground  water  remedial  action  decision  in  a 
Record  of  Decision  (ROD)  document  with  concurrence  from  ODEQ.  A  similar  process 
will  be  followed  for  the  seven  other  OUs. 

The  NCP  encourages  the  evaluation  of  innovative  technologies  where  they  might  offer 
the  “potential  for  comparable  or  superior  treatment  performance  or  implementability, 
fewer  or  lesser  adverse  impacts. . .  or  lower  costs  for  similar. . .  performance  than 
demonstrated  technologies”  [40  CFR  300.430  (a)(l)(iii)(E)].  As  a  baseline  for  these 
technologies,  the  impact  of  taking  no  action  at  the  site  is  also  presented.  Other  potentially 
applicable  remedial  technologies  are  discussed  briefly  in  the  technology  screening 
section. 

The  FS  is  also  intended  to  satisfy  the  requirements  of  section  102(2)(C)  of  the  National 
Environmental  Policy  Act  of  1969  (NEPA).  The  FS  evaluated  both  the  short-term  and 
long-term  impacts  of  several  alternatives,  including  no  action.  In  addition,  the  NEPA 
public  review  requirements  will  be  met  during  the  public  review  of  the  Proposed  Plan  as 
required  by  CERCLA  prior  to  issuance  of  the  ROD. 

1.1.2  Organization 

As  the  first  step  in  the  FS  process,  existing  data  and  information  on  UMDA  and  Site  4 
were  compiled,  summarized,  and  interpreted.  This  data  and  information  are  presented  in 
Section  1.2,  Background  Information  (summarized  from  the  RI  Report).  This 
background  information  serves  to  establish  a  historical  perspective  of  the  site  and  provide 
an  understanding  of  the  nature  and  extent  of  the  contamination.  In  addition,  the  RI  data 
were  the  basis  for  the  Human  Health  Baseline  Risk  Assessment  (Dames  & 

Moore,  1992b),  the  results  of  which  are  summarized  in  Section  2.0,  Identification  and 
Screening  of  Technologies. 

Based  on  the  interpretations  and  analyses  of  the  site  data,  remedial  action  objectives  were 
defined,  and  possible  general  response  actions  and  associated  remedial  technologies  were 
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identified.  The  response  actions  and  the  remedial  technologies  were  screened,  first  for 
general  feasibility,  and  then  in  more  detail  on  the  basis  of  effectiveness,  implementability, 
and  cost.  Those  technologies  that  survived  the  screening  were  assembled  into  remedial 
alternatives.  The  remedial  goals  and  objectives  and  the  results  of  the  screening  analysis 
are  presented  in  Section  2.0,  Identification  and  Screening  of  Technologies. 

Based  on  the  results  of  the  identification  and  screening  of  technologies,  the  candidate 
remedial  technologies  and  process  options  were  organized  into  remedial  alternatives  that 
could  be  evaluated  in  the  detailed  analysis.  The  Remedial  Investigation/Feasibility  Study 
(RI/FS)  guidance  allows,  at  this  point  in  the  FS,  for  a  screening  of  the  remedial 
alternatives  if  the  number  of  alternatives  is  too  great  for  them  all  to  be  evaluated  in  the 
detailed  analysis.  This  step  is  not  performed  in  every  FS  and  was  found  not  to  be 
necessary  for  the  evaluation  of  the  remedial  alternatives  for  the  ground  water  at  the 
Explosive  Washout  Lagoons.  The  remedial  alternatives  are  developed  and  presented  in 
Section  3.0,  Development  and  Screening  of  Alternatives. 

The  alternatives  assembled,  following  the  screening,  were  evaluated  in  greater  detail.  A 
process  for  implementing  each  alternative  was  developed,  and  the  alternatives  were 
considered  in  terms  of  how  well  each  would  meet  the  nine  evaluation  criteria  specified  in 
the  NCP.  After  the  individual  evaluations,  the  alternatives  were  compared  against  each 
other  to  identify  strengths  and  weaknesses.  These  evaluations  are  presented  in  Section 
4.0,  Detailed  Analysis  of  Alternatives. 

1.2  Background  Information 

This  section  describes  the  background  and  physical  setting  of  UMDA  and  Site  4, 
including  the  nature  and  extent  of  the  existing  contamination  at  the  site.  The  primary 
references  for  this  are  the  installation-wide  Preliminary  Assessment  (Dames  &  Moore, 
1990),  the  Remedial  Investigation  (Dames  &  Moore,  1992a),  and  the  Intermediate  and 
Alluvial  Well  Installation  Report  (Dames  &  Moore,  1993).  Also  included  in  this  section 
is  a  summary  of  the  Human  Health  Baseline  Risk  Assessment  (HBRA)  (Dames  & 

Moore,  1992b). 

1.2.1  Site  Description 

1.2. 1. 1  General.  UMDA  is  located  in  northeastern  Oregon  on  the  border  of  Umatilla 
and  Morrow  counties  near  the  city  of  Hermiston,  as  shown  in  Figure  1-1.  It  was 
established  by  the  Army  in  1941  as  an  ordnance  facility  for  storing  conventional 
munitions.  Subsequently,  the  function  of  the  facility  was  extended  to  include 
ammunition  demolition  (1945),  renovation  (1947),  and  maintenance  (1955).  In  1962, 
the  Army  began  to  store  chemical-filled  munitions  and  containerized  chemical  agents  at 
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the  facility.  UMDA  continues  to  operate  today  as  a  munitions  storage  facility,  and  is 
scheduled  to  be  involved  in  the  Army’s  Chemical  Demilitarization  Program. 

The  facility  occupies  a  roughly  rectangular  area  of  19,728  acres;  17,054  acres  are  owned 
by  the  U.S.  Government,  while  the  remainder  are  controlled  by  restrictive  easements  that 
provide  a  safety  zone  around  the  facility.  Although  ownership  of  the  latter  is  private,  the 
easements  grant  perpetual  rights  to  the  U.S.  Government,  including  the  right  to  prohibit 
human  habitation  and  to  remove  buildings.  The  owners  retain  the  right  to  farm  the  lands 
and  to  graze  livestock.  The  UMDA  facility  is  currently  one  of  several  installations 
scheduled  for  realignment  under  the  Department  of  Defense  (DoD)  Base  Realignment  and 
Closure  (BRAC)  program.  Under  this  program,  the  Army  is  required  to  realign  the 
conventional  ammunition  storage  mission  to  another  Army  installation.  UMDA  cannot  be 
closed  at  this  time  due  to  the  scheduled  demihtarization  of  the  chemical  agent  stockpile 
stored  there.  However,  following  the  completion  of  that  mission,  the  possibility  exists 
that  UMDA  may  be  evaluated  again  for  closure  and  the  Army  could  eventually  vacate  the 
site  and  relinquish  ownership  to  another  governmental  agency  or  private  interests. 
Although  potential  future  use  of  the  site  beyond  that  time  has  not  been  determined,  either 
tight  industrial  or  residential  use  is  a  possibility.  Industrial  use  is  considered  to  be  the 
most  likely  future  use  scenario.  Because  of  UMDA's  uncertain  future,  the  RI  and  this  FS 
have  considered  future  non-Army  uses. 

The  Explosive  Washout  Lagoons  (Site  4)  are  located  in  the  east-central  portion  of  UMDA 
near  the  Explosive  Washout  Plant  (Site  5),  as  seen  in  Figure  1-2.  The  site  consists  of  two 
adjacent,  untined  lagoons,  each  approximately  25  by  70  feet  and  six  feet  deep.  The 
lagoons  were  used  for  infiltration  of  wastewater  from  the  Explosive  Washout  Plant 
during  the  1950s  and  1960s. 

The  wastewater  was  discharged  from  the  building  to  the  lagoons  via  a  metal  trough.  The 
lagoons  were  used  alternately,  to  allow  the  wastewater  time  to  infiltrate.  Sludge  residue 
at  the  lagoon  bottoms  was  collected,  allowed  to  dry,  and  burned  at  the  Ammunition 
Demolition  Activity  (ADA)  area.  The  wastewater,  also  known  as  "pink  water,"  contained 
high  concentrations  of  explosives.  An  estimated  85  million  gallons  of  wastewater  were 
discharged  into  the  lagoons  during  their  operation.  The  types  of  disposal  activities 
involved  a  range  of  explosive  and  related  compounds  including: 

•  2,4,6-trinitrotoluene  [TNT] 

•  1,3-dinitrobenzene  [DNB] 

•  1,3,5-trinitrobenzene  [TNB] 

•  2,4-  and  2,6-dinitrotoluene  [DNT] 

•  nitrobenzene  [NB] 

•  hexahydro-l,3,5-trinitro-l,3,5-triazine  [RDX] 

•  octahydro-l,3,5,7-tetranitro-l,3,5,7-tetrazocine  [HMX] 

•  n,  2,4,6-tetranitro-N-methylaniline  [tetryl] 
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Figure  1-2:  Location  of  Explosive  Washout  Lagoons  at  Site  4 
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1.2.1. 2  Regional  and  Installation  Setting 

1.2. 1.2.1  Topography  and  Surficial  Geology.  The  portion  of  Oregon  within  an 
approximate  50-inile  radius  of  UMDA  includes  parts  of  two  geomorphic  regions 
(Walker,  1977),  the  Deschutes-Umatilla  Plateau  and  the  Blue  Mountains  (Figure  1-3). 
Both  of  these  regions  lie  at  least  partly  within  the  Umatilla  River  Basin. 

The  Deschutes-Umatilla  Plateau  has  relatively  little  relief.  It  gradually  rises  southward 
from  elevations  near  260  feet  mean  sea  level  (MSL)  at  the  Columbia  River  to 
approximately  800  feet  at  the  foot  of  the  Blue  Mountains.  Near-surface  deposits 
underlying  the  Plateau  consist  primarily  of  Miocene  basalt  flows,  basalt  debris  and  silts 
deposited  as  alluvial  fans.  Quaternary  silts  and  clays,  and  Quaternary  alluvial  gravel  and 
sand  deposited  by  catastrophic  flooding  of  the  Columbia  River  (Walker,  1977). 

The  edge  of  the  Blue  Mountains  lies  approximately  40  miles  south  and  southeast  of 
UMDA.  The  Blue  Mountains  reach  elevations  ranging  from  3,500  to  6,000  feet.  The 
mountains  are  considerably  dissected  by  streams,  which  have  eroded  many  of  the  steep- 
walled  canyons  (Hogenson,  1964).  Near-surface  deposits  are  primarily  basalt  and 
rhyolitic  tuffs,  with  smaller  areas  of  metamorphosed  sedimentary  and  volcanic  rocks  of 
probable  Triassic  age,  and  diorite  and  other  intrusive  rocks  of  provable  Cretaceous  age. 
The  topography  of  the  UMDA  site,  illustrated  in  Figure  1-4,  can  be  naturally  divided  into 
three  areas:  Coyote  Coulee,  sloping  lands  east  of  the  coulee,  and  rolling  hills  west  of  the 
coulee. 

Coyote  Coulee  is  a  linear  depression,  about  0.25  mile  wide,  that  trends  north-northeast  to 
south-southwest  across  UMDA.  About  one-third  of  UMDA  ties  east  of  Coyote  Coulee. 
The  east  side  of  the  coulee  is  a  steep  escarpment  about  50  feet  high.  Although  the  land 
rises  westward  from  the  bottom  of  the  coulee,  the  top  of  the  escarpment  is  at  a  higher 
elevation  than  any  nearby  land  west  of  the  escarpment  along  most  of  the  length  of  the 
coulee.  The  coulee  is  thus  asymmetrical,  unlike  an  erosional  canyon,  where  the  elevation 
of  the  top  of  both  canyon  walls  is  generally  the  same.  The  top  of  the  escarpment  is  near 
650  feet  in  the  north  half  of  UMDA,  but  slopes  southward  to  600  feet  near  the  southern 
boundary.  The  escarpment  vanishes  quite  abruptly  at  the  southern  boundary.  East  of 
Coyote  Coulee,  the  surface  slopes  smoothly  to  the  southeast,  away  from  the  escarpment, 
at  a  slope  of  approximately  50  feet  per  mile  (ft/mi).  The  principal  exceptions  are  a  low 
hill  near  the  southeast  comer  of  UMDA,  and  a  nearly  level  area  around  the  administration 
area.  West  of  Coyote  Coulee,  the  surface  consists  largely  of  rolling  hills.  The  highest 
hill  (677-foot  elevation)  is  near  the  northern  boundary,  just  west  of  Coyote  Coulee.  A 
broad  area  of  high  ground  extends  to  the  southwest  from  this  hill;  from  the  high  ground, 
the  surface  slopes  with  many  irregularities  to  the  northwest  and  south.  The  northern  half 
of  the  area  west  of  Coyote  Coulee  has  many  linear  hills  and  valleys,  trending  east- 
northeast  to  west-southwest,  10  to  20  feet  high  and  up  to  0.5  mile  in  length.  These 
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Figure  1-3:  Geomorphic  Regions  of  the  Area  near  UMDA. 
UMOA  lies  within  the  Deschutes  -  Umatilla  Plateau. 


TITU 

FIGURE  1-3: 

GEOMORPHIC  REGIONS  OF  THE 

AREA  NEAR  UMDA 

PnCPAAEOFOR: 

UMATILLA 

SOURCE: 

AFTER  WAtKER,  1977,  AS 
MODIFIED  FROM  OICKEN. 
1950 

DATE: 

SCALE 

owg.no 

OCT.  1992 

AS  SHOWN 

67062-014 

rcb.67062-43.OU3. 12/93 


1.0  Introduction 


features  may  be  large  ripples  associated  with  catastrophic  flooding  that  occurred  during 
drainage  of  Glacial  Lake  Missoula. 

No  natural  streams  occur  within  UMDA  because  of  highly  permeable  soil.  Drainage 
patterns  are  very  poorly  developed  because  of  highly  permeable  soil,  low  precipitation, 
and  the  recent  formation  of  the  landscape.  No  direct  information  on  storm  water  drainage 
is  available  for  most  of  UMDA.  Storm  water  runoff  apparently  does  not  travel  far, 
except  near  the  administration  area,  where  runoff  is  collected  by  storm  sewers.  Many 
areas  of  closed  drainage  exist,  particularly  west  of  Coyote  Coulee,  with  the  largest  about 
100  acres  in  size.  Surface  water  runoff  generally  follows  topography  and  flows  in  a 
north-northwest  direction.  Drainage  patterns  are  poorly  developed.  As  shown  in  Figure 
1-4,  the  washout  lagoon's  ground  water  OU  lies  beneath  Coyote  Coulee  and  its  vicinity. 

12.1.2.2  Stratigraphy.  This  section  provides  an  overview  of  the  stratigraphy  of 
UMDA,  discussing  only  the  geological  units  investigated  by  drilling  during  previous  on- 
post  investigations,  the  RI,  and  post  RI  investigations  such  as  the  (Intermediate  and 
Alluvial  Well  Installation  Report  (Dames  &  Moore,  1993). 

The  RI  discussed  three  distinct  geologic  units  underlying  UMDA.  These  are,  from  oldest 
to  youngest,  Miocene  basalt  flows  and  associated  interbed  deposits.  Pleistocene  alluvial 
deposits,  and  an  aeolean  mantle.  Detailed  descriptions  of  each  unit  follow.  The 
interpretation  of  the  geology  has  changed  somewhat  during  the  past  investigations, 
particularly  in  relation  to  the  top  basalt  layer,  however,  the  most  recent  interpretation  of 
the  stratigraphy  has  been  used  in  the  evaluation  of  technologies  and  alternatives. 

Columbia  River  Basalt  Flows  and  Interbeds.  A  total  of  six  individual  basalt  flows  and 
associated  interbeds  have  been  penetrated  by  wells  at  UMDA.  The  three  uppermost  basalt 
flows  and  interbeds  are  part  of  the  Saddle  Mountain  Formation  and  include,  from 
youngest  to  oldest,  the  Elephant  Mountain  Member,  the  Rattlesnake  Ridge  Interbed,  the 
Pamona  Member,  the  Selah  Interbed,  the  Umatilla  Member  and  the  Mabton  Interbed.  The 
next  three  oldest  basalt  flows,  penetrated  by  UMDA  water  supply  wells  supply-6  and 
supply-7,  are  thin  flows  that  comprise  the  Frenchman  Springs  Member  of  the  Wanapum 
Basalt.  The  interbeds  in  the  Frenchman  Springs  Member  are  unnamed. 

In  general,  the  basalt  flows  and  interbeds  are  lithologically  consistent  (but  not 
homogeneous),  and  laterally  continuous  across  UMDA.  Basalt  flowtops  are  moderately 
weathered,  vesicular,  and  highly  fractured.  This  zone  grades  downward  to  less 
weathered  massive  basalt  with  fewer  fractures.  The  base  of  the  basalt  flows  is  relatively 
sharp.  Interbeds  are  sedimentary  layers  that  lie  between  basalt  flows.  Basalt  gravel, 
sands,  silts  and  tuffaceous  materials  are  commonly  present  in  the  interbeds.  The  interbeds 
are  much  thinner  and  generally  much  more  permeable  than  the  basalt  layers.  Because  the 
interbeds  may  be  partially  derived  from  eroded  basalt,  they  can  be  difficult  to  distinguish 
from  the  weathered  basalt  flowtops  during  drilling. 
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The  youngest  basalt  unit  identified  at  Site  4  is  the  Elephant  Mountain  Member.  The 
identification  of  this  unit  has  varied  in  the  past  but  recent  laboratory  analyses  have 
confirmed  its  correct  identification: 

•  During  the  1988  Weston  investigation,  three  monitoring  wells  were  installed  in  the 
upper  portion  of  the  Elephant  Mountain  Member.  Weston  concluded  that  the  layer 
was  the  uppermost  basalt  unit  (Weston,  1989). 

•  During  the  1992  RI  investigation.  Dames  and  Moore  concluded  that  the  unit  was  too 
heavily  weathered  to  be  a  basalt  layer  and  that  it  represented  either  a  reworked 
indurated  basalt  gravel  (referred  to  as  the  "cemented  basalt  gravel/weathered  basalt" 
or  "CBG/WB")  or  a  fanglomerate  unit  of  the  Alkali  Canyon  Formation  Pames  and 
Moore,  1992a). 

•  During  the  post  RI  investigation  (Dames  &  Moore,  1993),  additional  rock  cores  were 
collected  and  core  analysis  using  x-ray  fluorescence  (XRF)  was  conducted.  The 
XRF  confirmed  that  the  unit  was  the  Elephant  Mountain  Member  of  the  Saddle 
Mountain  Formation. 

The  Elephant  Mountain  Member  has  a  highly  weathered  upper  surface  but  becomes  more 
competent  with  depth.  The  unit  is  encountered  at  about  460  feet  Mean  Sea  Level  (MSL); 
this  depth  corresponds  to  between  50  and  150  feet  below  ground  level,  depending  on  the 
topography.  The  total  unit  thickness  is  approximately  50  to  60  feet. 

Underlying  the  Elephant  Mountain  Member  is  a  permeable  zone  of  basalt  gravel.  The 
origin  and  nature  of  this  unit  has  also  been  disputed. 

•  During  the  RI,  this  unit  was  referred  to  as  the  "underlying  gravel"  and  was 
interpreted  as  either  a  clastic  interbed  between  the  Pamona  Member  basalt  and  the 
CBG/WB  or  a  facies  of  the  Alkali  Canyon  fanglomerate. 


During  the  most  recent  data  report  Pames  &  Moore,  1993),  Dames  and  Moore  has 
reidentified  this  layer  as  the  Rattlesnake  Ridge  Interbed.  The  new  identification  is 
primarily  based  on  permeability,  the  structural  position  of  the  permeable  layer  under 
the  Elephant  Mountain  Member,  and  the  presence  of  7  feet  of  sediments  in  one 
ground  water  monitoring  well  (4-22). 

For  the  FS,  it  is  unclear  if  this  unit  is  the  Rattlesnake  Ridge  Interbed.  Interbeds  are 
sedimentary  deposits,  of  which  there  are  little  in  this  unit.  For  example,  although 
sediments  were  identified  in  one  boring,  sedimentary  deposits  were  not  present  in  the 
three  other  monitoring  borings  drilled  into  the  same  layer  (4-19, 4-20, 4-21).  At  the 
Hanford  Site,  located  approximately  30  to  40  miles  north  of  UMDA,  the  Rattlesnake 
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Ridge  Interbed  is  known  to  consist  of  45  to  60  feet  of  tuffaceous  siltstone  and  sandstone 
(Hartman  and  Peterson,  1992).  It  appears  that  the  Rattlesnake  Ridge  is  only  present  on 
part  of  Site  4  and  is  not  continuous  laterally.  The  unit  is  therefore  most  likely  the 
permeable  flowtop  of  the  Pamona  Member  with  limited  sedimentary,  or  Rattlesnake 
Ridge  Interbed,  deposits.  This  unit  is  approximately  20  feet  thick  at  Site  4. 

The  second  basalt  flow  (reported  as  the  uppermost  in  the  RI)  is  the  thickest  encountered, 
having  an  approximate  thickness  of  170  feet.  This  unit  is  interpreted  to  be  the  Pamona 
Member  of  the  Saddle  Mountain  Basalt,  based  on  stratigraphic  characteristics  and 
position  in  geologic  sequence.  The  top  of  the  basalt  is  relatively  topographically  flat 
across  most  of  the  installation.  However,  depths  at  which  it  is  encountered  in  the  north 
UMDA  water  supply  wells  (supply-6  and  supply-7)  are  significantly  deeper,  indicating 
that  the  basalt  dips  northward  in  the  vicinity  of  these  wells. 

The  Pamona  is  underlain  by  a  thinner  interbed  horizon  that  is  interpreted  to  be  the  Selah 
Interbed.  The  four  deep  monitoring  wells  at  Site  4  are  completed  in  this  interbed.  Where 
fully  penetrated  on  UMDA,  the  thickness  of  the  Selah  Interbed  ranges  from  20  to  70  feet. 
The  top  of  the  Pamona  Member  occurs  beneath  UMDA  at  elevations  ranging  from  300  to 
404  feet  above  MSL,  based  primarily  on  the  borehole  geophysical  logs. 

The  Selah  Interbed  is  underlain  by  another  basalt  flow  and  associated  interbed,  which  are 
interpreted  to  be  the  Umatilla  Member  and  the  Mabton  Interbed,  respectively.  Only  two 
UMDA  water  supply  wells  (i.e.,  supply-6  and  supply-7)  fully  penetrate  both  the  Umatilla 
Member  and  the  Mabton  Interbed;  the  thicknesses  of  the  units  in  these  two  supply  wells 
are  approximately  50  and  25  feet. 

These  two  water  supply  wells  also  penetrate  at  least  three  more  thin  basalt  flows  and 
associated  interbeds  below  the  Mabton  Interbed.  These  thin  basalt  flows  are  interpreted  to 
consist  of  the  upper  portion  of  the  Frenchman  Springs  Member  of  the  Wanapum  Basalt. 
The  Frenchman  Springs  Member  is  composed  of  several  individual  basalt  flows 
separated  by  unnamed  interbeds.  A  total  thickness  of  over  230  feet  of  basalt  flows 
belonging  to  the  Frenchman  Springs  Member  and  associated  unnamed  interbeds  is 
encountered  in  these  two  deep  supply  wells. 

Alluvium.  According  to  the  most  recent  data  (Dames  &  Moore,  1993),  the  alluvium  can 
be  divided  into  three  units,  from  oldest  to  youngest,  a  Pleistocene  lacustrine  deposit. 
Pleistocene  alluvial  flood  deposits,  and  an  aeolean  mantle. 

During  the  Pleistocene,  there  was  a  cyclic  failure  and  re-building  of  glacial  lakes  and  ice 
dams  associated  with  Glacial  Lake  Missoula,  in  western  Montana.  At  the  base  of  the 
alluvium,  and  capping  the  Elephant  Mountain  Member,  is  a  layer  of  silt,  clay  and  fine 
sand.  This  layer  is  interpreted  to  be  a  lacustrine  deposit  possibly  laid  down  during  the 
existence  of  glacial  Lake  Condon  that  formed  due  to  constriction  of  the  Columbia  River. 
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This  layer  is  approximately  20  feet  thick  and  tends  to  be  dry.  Lake  varves  were  identified 
in  one  well  (4-22)  supporting  its  identification  as  a  lacustrine  deposit. 

During  the  ice-dam  failures,  catastrophic  floods  occurred  that  resulted  in  high  energy 
deposits  being  laid  down.  The  upper  section  of  the  alluvium  at  Site  4  is  interpreted  to  be 
the  result  of  the  catastrophic  floods.  This  deposit  is  characterized  by  fine  to  coarse 
grained  sand,  gravel,  and  cobbles.  The  cobbles  are  primarily  of  basalt  with  some  quartz, 
feldspar  and  mica;  both  texture  and  lithology  are  variable  vertically  and  horizontally.  This 
unit  is  approximately  120  feet  thick  and  extends  from  ground  surface  to  approximately 
480  feet  MSL.  The  Coyote  Coulee  is  considered  to  be  a  gravel/sand  wave  resulting  from 
these  floods. 

The  aeolean  mantle  is  located  at  ground  level  and  consists  of  recent  windblown  deposits. 
The  deposits  consist  of  well  sorted,  angular,  medium  to  fine  sands  and  vary  from  2  to  15 
feet  in  thickness.  The  deposits  are  thinner  east  of  Coyote  Coulee. 

The  total  thickness  of  the  alluvial  section  penetrated  in  monitoring  wells  at  UMDA  ranges 
from  approximately  42  feet  in  the  northern  part  of  the  Ammunition  Demolition  Activity 
(ADA)  area  to  173  feet  at  Site  1 1  (i.e..  Active  Landfill)  in  the  northeast  Part  of  UMDA.  In 
addition,  a  thickness  in  excess  of  200  feet  was  estimated  in  one  of  the  water  supply  wells 
based  on  borehole  geophysical  logs.  Most  of  this  variation  is  due  to  differences  in  surface 
elevation;  the  elevation  of  the  base  of  the  alluvium  varies  less  than  that  of  the  land 
surface. 

1.2.1.23  Hydrogeology.  Ground  water  occurs  beneath  UMDA  in  a  number  of 
distinct  hydrogeologic  settings,  in  a  series  of  relatively  deep  confined  basalt  aquifers  and 
in  a  highly  productive  permeable  unconfined  aquifer  in  the  south  of  UMDA  (extending 
off-post).  Figure  1-5  presents  a  cross-section  illustrating  the  major  hydrogeologic 
features  of  Site  4. 

Confined  Basalt  Aquifers.  Ground  water  occurrence  in  the  basalt  is  primarily  within  the 
permeable  zones  that  separate  units  of  competent  bedrock.  The  permeable  zones  are  a 
combination  of  sedimentaiy  interbed  deposits  and  weathered/fractured  basalt  flowtops. 
Due  to  limited  vertical  connection  between  these  aquifers,  ground  water  is  under  confined 
conditions  in  these  permeable  zones.  Based  on  borehole  geophysical  logs  of  water  supply 
wells  supply-6  and  supply-7  (i.e.,  the  deepest  on-post  wells),  as  many  as  six  confined 
aquifers  could  be  present  beneath  UMDA  between  ground  surface  and  a  depth  of  700 
feet. 

The  unweathered  basalt  flows  act  as  confining  beds  or  leaky  confining  beds  to  retard 
vertical  movement  of  water  between  the  unconfined  and  confined  aquifers  and, 
apparently,  between  different  confined  aquifers.  Structural  discontinuities  may  be  present 
to  provide  local  hydraulic  connections  between  basalt  aquifers.  The  vertical  hydraulic 
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conductivity  of  the  basalt  has  not  been  measured  at  UMDA.  However,  permeability  data 
for  flow  interiors  are  available  for  the  Hanford  site  in  Washington  (DOE,  1986). 
Reported  horizontal  permeabilities  range  from  1  x  10-7  to  1  x  lO-io  cm/sec.  Field-derived 
vertical  permeability  estimates  are  not  available  from  Hanford.  Based  on  simulations  and 
statistical  analyses  of  fracture  data,  DOE  estimates  that  vertical  permeabilities  will  be 
found  to  be  within  a  factor  of  10  of  the  horizontal  conductivities. 

The  uppermost  basalt  aquifer,  referred  to  as  the  "underlying  gravel"  in  the  RI  (Dames  & 
Moore,  1992a),  immediately  underlies  the  Elephant  Mountain  Member.  This  unit  is 
comprised  of  the  flowtop  of  the  Pamona  Member  basalt  with  limited  sedimentary 
deposits,  possibly  of  the  Rattlesnake  Ridge  Interbed.  The  hydraulic  conductivity,  based 
on  slug  tests  conducted  in  the  four  new  wells  installed  in  this  unit  during  the  post-RI 
investigation,  ranges  from  277  to  624  feet/day.  The  Elephant  Mountain  Member,  which 
acts  as  a  confining  layer  to  the  first  basalt  aquifer,  has  a  much  lower  hydraulic 
conductivity  (0.01  to  0.16  feet/day),  based  on  packer  tests  conducted  during  the  same 
investigation.  Three  rounds  of  water  level  data  have  been  collected  from  this  aquifer 
(Table  1-1).  The  direction  of  ground  water  flow  is  approximately  west-northwest 
(Ballad,  1993).  There  was  a  23-foot  drop  in  hydraulic  head  in  approximately,  1,000  feet 
(gradient  0.02).  A  30-  to  45-foot  decrease  exists  in  hydraulic  heads  between  the  wells 
screened  in  this  aquifer  and  those  in  the  unconfined  aquifer,  indicating  that  a  lack  of 
hydraulic  connection  between  the  aquifers  and  that  the  Elephant  Mountain  Member  acts  as 
an  effective  confining  layer. 

Table  1-1:  Water  Level  Elevation  Data  for  the  Intermediate  Wells 


Dec,  19921 

Jan. 19932 

Oct.  19933 

4-19 

445.23 

447.76 

447.31 

4-20 

470.90 

470.50 

465.41 

4-21 

460.68 

463.20 

463.06 

4-22 

456.45 

459.34 

457.73 

References: 

(1 )  Data  from  December  1 6, 1 992,  Intermediate  and  Alluvial  Well  Installation  Report 
(Dames  &  Moore,  1 993) 

(2)  Data  from  December  5-8,  1993,  Personal  communication  between 
D.  Vesper  of  ADL  and  W.  Ballard  of  Dames  &  Moore  (Ballard,  1993) 

(3)  Data  from  November  13, 1993,  Personal  communication  between  D.  Vesper  of  ADL  and  T.  Llewellyn 
of  Dames  &  Moore  (Llewellyn,  1993) 

The  Selah  Interbed  aquifer  is  the  second  basalt  aquifer  encountered  with  depth.  During 
the  RI,  the  depth-to-water  in  the  Selah  ranged  from  55  to  155  feet  below  ground  level 
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(440-470  feet  MSL).  Adjacent  unconfined  aquifer  wells  had  water  levels  35  to  55  feet 
higher  than  the  Selah  wells,  indicating  that  the  Selah  is  not  weU  connected  to  the 
unconfined  aquifer  and  that  a  strong  downward  vertical  gradient  exists  between  the 
aquifers.  Ground  water  in  this  aquifer  consistendy  flows  to  the  northwest  with  some 
seasonal  variation  in  water  levels.  The  seasonal  changes  correspond  to  the  irrigation 
season  and  are  assumed  to  be  the  result  of  off-site  pumpage.  During  the  RI,  the  average 
water  level  elevation  change,  between  upgradient  and  downgradient  wells  at  Site  4,  is  18 
feet,  which  corresponds  to  an  average  hydraulic  gradient  of  0.02  feet/feet.  Four  pump 
tests  were  conducted  in  the  Selah,  from  which  transmissivity  values  ranging  from  39  to 
657  feet/day  were  calculated.  The  transmissivity,  and  the  range  of  responses  from  the 
non-pumping  wells,  indicate  that  the  Selah  is  anisotropic. 

The  Selah  is  fairly  productive,  yielding  29.5  gpm  for  a  period  of  8  hours  at  Site  4  (Dames 
and  Moore,  1992a)  and  could  likely  have  produced  more  if  the  pump  had  been  set  deeper 
within  Well  4-10.  Large  yields  are  obtainable  from  water  supply  wells  that  penetrate  one 
or  more  confined  aquifers.  Water  supply  well  supply-1,  for  example,  is  capable  of 
producing  1,000  gpm  with  10  feet  of  drawdown  (USAGE,  1987).  Therefore,  this  well 
has  a  relatively  high  specific  capacity  of  100  gpm/ft.  Supply-5  and  supply-7  have  even 
higher  specific  capacities,  133  and  130  gpm/ft,  respectively,  but  are  hmited  to  smaller 
yields  of  500  and  650  gpm  by  the  capacities  of  their  pumps.  The  Selah  is  the  deepest 
aquifer  penetrated  during  the  remedial  investigations  at  Site  4. 

Unconfined  Aquifer.  As  previously  stated,  the  unconfined  aquifer  at  UMDA  consists  of 
the  alluvium  deposits  and  the  weathered  surface  of  the  Elephant  Mountain  Member  basalt. 
Aerially,  unconfined  ground  water  occurs  in  two  distinct  hydrogeologic  units  beneath 
UMDA,  a  permeable  southern  aquifer  (termed  the  Ordnance  Aquifer)  and  a  less 
permeable  northern  aquifer.  The  behavior  of  ground  water  in  these  two  aquifers  is 
distinctly  different. 

The  Ordnance  Aquifer  is  located  in  the  southern  portion  of  UMDA  and  extends  off-post 
both  to  the  south  and  to  the  east,  corresponding  to  the  “Ordnance  Critical  Ground  Water 
Area.”  To  the  south  of  UMDA,  the  aquifer  is  tapped  by  numerous  shallow  wells  that 
produce  as  much  as  1,000  gallons  per  minute.  Although  regional  water  levels  have 
declined  since  initiation  of  irrigation  pumping  in  the  1950s  and  1960s,  the  specific 
capacities  of  these  irrigation  wells  are  high.  The  use  of  the  aquifer  has  been  the  subject  of 
regional  studies  to  evaluate  the  impact  of  withdrawals  and  artificial  recharge  activities 
(Miller,  1985).  Ground  water  levels  in  the  Ordnance  Aquifer  have  shown  a  net  annual 
increase  since  the  initiation  of  artificial  recharge  activities  and  reduced  pumping  in  the 
1970s. 

Permeabilities  of  shallow  wells  in  the  southern  part  of  UMDA  (Ordnance  Aquifer)  are 
typically  much  greater  than  in  wells  to  the  north.  Average  permeability  values  from  wells 
in  the  Ordnance  Aquifer  at  Sites  4  and  12  are  on  the  order  of  2. 1  x  lO-i  cm/sec  (585 
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ft/day),  with  a  maximum  of  9.6  x  lO-i  cm/sec  (2,721  ft/day).  Ground  water  gradients 
within  the  Ordnance  Aquifer  are  very  low  (approximately  0.00015  ft/ft),  further 
suggesting  high  aquifer  permeabilities.  An  evaluation  of  hydrographs  from  the  Ordnance 
Aquifer  monitoring  wells  at  Sites  4  and  12  show  a  significant  seasonal  response  to  off- 
post  pumping  and  artificial  recharge  activities  to  the  south  and  east  of  UMDA. 

The  saturated  thickness  of  the  Ordnance  Aquifer  is  known  only  at  Site  4,  where  four 
monitoring  wells  penetrate  through  to  the  Elephant  Mountain  Member.  At  this  site,  the 
saturated  thickness  of  the  entire  unconfined  aquifer  ranges  from  approximately  15  to  35 
feet.  This  estimate  includes  only  the  saturated  thickness  of  the  alluvium  exclusive  of  the 
Elephant  Mountain  Member.  However,  water  levels  in  wells  installed  in  the  weathered 
and  fractured  surface  of  the  Elephant  Mountain  Member  have  similar  elevations  to  wells 
screened  in  the  alluvium,  indicating  that  the  flowtop  is  in  direct  hydraulic  connection 
with,  and  is  therefore  part  of,  the  unconfined  aquifer.  The  exact  thickness  of  the  flowtop 
that  is  in  connection  with  the  unconfined  aquifer  is  unknown  and  hkely  varies  across  the 
site  dependent  upon  the  thickness  of  the  lacustrine  deposits  and  the  degree  of  weathering. 

Ground  water  flow  directions  in  the  Ordnance  Aquifer  at  Site  4  reverse  seasonally  in 
response  to  off-post  pumping  and  recharge  activities.  During  the  summer  and  early  fall, 
flow  is  toward  the  east  and  south  as  irrigation  activities  peak.  During  the  winter  and  early 
spring,  when  irrigation  activities  are  at  a  minimum,  ground  water  flow  is  to  the  north  and 
west.  It  is  probable  that,  prior  to  initiation  of  irrigation  in  the  1950s  and  1960s,  the 
natural  direction  of  flow  in  the  Ordnance  Aquifer  was  to  the  northwest  toward  the 
Columbia  River  and,  in  the  direct  vicinity  of  the  Umatilla  River,  possibly  to  the  northeast. 
Currently,  because  water  level  declines  have  occurred  in  the  aquifer,  discharge  is 
probably  exclusively  to  irrigation  wells.  There  is  likely  insufficient  head  now  to  drive 
ground  water  either  into  the  finer  sediments  of  the  northern  aquifer  or  over  the  top  of  the 
finer  sediments  within  the  more  permeable  sediments  (which  are  now  dewatered  and 
overlie  the  finer  northern  aquifer  sediments). 

The  Ordnance  Aquifer  pinches  out  along  an  east-west  transect  slightly  north  of  Site  4. 
Ground  water  gradients  to  the  south  of  this  contact  are  low  and  reverse  seasonally  in 
response  to  off-post  stresses.  Ground  water  gradients  to  the  north  of  this  contact  are 
much  greater  (0.0085  fi/ft)  and  show  no  seasonal  reversals.  Row  is  consistently  to  the 
northwest,  where  it  probably  discharges  to  the  Columbia  River.  Hydrographs  of  selected 
wells  indicate  that  the  wells  do  not  respond  to  off-post  irrigation  activities,  suggesting 
that  they  are  not  in  hydraulic  contact  with  the  Ordnance  Aquifer.  Northern  aquifer 
permeabilities  are  typically  much  less  than  those  to  the  south,  with  an  average  value  of 
0.0095  cm/sec  (27  ft/day)  and  a  maximum  value  of  0. 18  cm/sec  (503  ft/day). 

The  saturated  thickness  of  the  northern  aquifer  beneath  UMDA,  exclusive  of  the  Elephant 
Mountain  Member  is  about  30  to  60  feet  in  most  places.  In  the  ADA  area,  the  alluvium 
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reaches  a  maximum  saturated  thickness  of  70  feet;  but,  it  is  zero  in  the  north,  where  the 
elevation  of  the  top  of  the  Elephant  Mountain  Member  is  above  the  water  table. 

12.1.2.4  Streams  within  the  Umatilla  Basin.  UMDA  is  located  in  the  Umatilla  Basin. 
The  basin’s  area  is  about  2,545  square  miles  (Oregon  Water  Resources  Department, 
1988).  The  principal  stream  is  the  Umatilla  River,  whose  principal  tributaries  rise  in  the 
Blue  Mountains  and  flow  generally  northward  toward  the  Columbia  River,  which  bounds 
the  basin  to  the  north.  The  Columbia  is  a  major  river  in  the  area,  with  a  mean  discharge  of 
200,(XX)  cubic  feet  per  second  (cfs).  Its  level  is  stabilized  at  an  approximate  elevation  of 
265  feet  MSL  by  the  John  Day  Dam.  (Geraghty  et  al.,  1973). 

Mean  discharge  of  the  Umatilla  River  (located  approximately  1  to  2  miles  east  of  the 
installation  boundary,  depending  on  location)  at  Yoakum,  17  miles  downstream  from 
Pendleton,  Oregon,  was  669  cfs  from  1935  to  1985  (Oregon  Water  Resources 
Department,  1988).  A  lower  gauge  at  Umatilla,  Oregon,  near  the  mouth  of  the  river,  has 
a  considerably  smaller  mean  discharge,  490  cfs,  because  of  irrigation  diversion,  and  does 
not  reflect  natural  streamflow.  Butter  Creek,  the  largest  tributary  of  the  Umatilla  River, 
has  a  mean  discharge  of  28  cfs  at  Pine  City,  20  miles  above  its  junction  with  the  Umatilla 
River. 

Streamflow  varies  considerably  through  the  year.  At  Yoakum,  mean  flow  is  1,665  cfs 
during  April,  but  decreases  steadily  to  91  cfs  in  October.  During  the  irrigation  season, 
most  streamflow  in  the  Umatilla  River  and  Butter  Creek  is  diverted  for  irrigation  use. 

Much  of  the  northern  part  of  the  basin  near  the  Columbia  River  has  no  (or  poorly 
developed)  surface  drainage  because  of  highly  permeable  soil.  Surface  runoff  has 
occasionally  been  observed  from  Sand  Hollow.  This  runoff  fills  depressions  about  2 
miles  south  of  UMDA,  from  which  the  water  infiltrates  into  the  gravels  (Miller,  1985). 

1.2. 1.2. 5  Ground  Water  Use,  Artificial  Recharge  and  Water  Balance.  An  estimated 
ground  water  balance  (an  accounting  of  gains  to  and  losses  from  the  ground  water 
system)  has  not  been  reported  for  the  entire  Umatilla  Basin.  However,  Miller  (1985) 
provides  information  that  makes  possible  an  estimate  of  the  ground  water  balance  of  the 
Ordnance  Critical  Ground  Water  Area  (referred  to  below  as  the  Ordnance  Area),  a  35- 
square-mile  area  that  adjoins  UMDA  on  the  east  and  south.  The  Ordnance  Area  contains 
an  unusually  productive  unconfmed  aquifer  that  has  been  tapped  for  irrigation. 

Additional  information  that  supports  an  estimated  natural  recharge  rate  of  approximately 
0.5  inch  per  year  (in/yr)  is  supplied  by  Bauer  and  Vaccaro  (1990).  The  water  balance 
primarily  reflects  the  alluvium,  though  some  pumping  occurs  from  basalt  aquifers.  The 
water  balance  is  dominated  by  artificial  effects,  as  discussed  below. 

The  water  balance  for  the  Ordnance  Area  is  summarized  in  the  following  list,  which 
reflects  conditions  from  1978  to  1984: 
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Recharge  to  ground  water 

-  Precipitation/infiltration 

-  Stream  seepage 

-  Canal  leakage 

-  Inflow  from  west 

-  Artificial  recharge  (mean) 

Discharge  from  ground  water 

-  Springs/seepage  to  Umatilla  River 

-  Ground  water  outflow 

-  Direct  evapotranspiration 

-  Pumping 


I, 000  acre-feet  per  year  (af/yr) 
Unknown 

II, 000  af/yr 
2,000  af/yr 
5,400  af/yr 


2,000  af/yr 

Unknown 

Small 

8,600  af/yr 


Ground  water  recharge  from  precipitation  in  the  vicinity  of  UMDA  is  estimated  by  Bauer 
and  Vaccaro  (1990)  to  be  approximately  0.5  in/yr  or  less.  In  the  area  immediately  to  the 
southeast  of  UMDA,  however,  recharge  rates  of  approximately  2  to  5  in/yr  are  estimated 
due  to  irrigation  activities. 

Seepage  from  the  Umatilla  River  probably  occurs  when  its  level  is  high,  but  the  rate  is 
unknown.  Leakage  from  canals  east  of  UMDA  is  fairly  accurately  measured  at  1 1,(X)0 
af/yr  (Miller,  1985).  Leakage  from  canals  south  of  UMDA  is  probably  much  less 
because  of  less  permeable  soil. 


An  area  of  29,780  acres  west  of  the  Ordnance  Area  is  irrigated  by  water  from  the 
Columbia  River.  In  the  past,  excess  irrigation  water  may  have  recharged  ground  water  in 
this  area  at  a  fast  enough  rate  to  cause  northeastward  flow  into  UMDA  from  off-post. 

An  artificial  recharge  canal  1  mile  south  of  UMDA  is  operated  by  the  County  Line  Water 
Improvement  District.  It  consists  of  2.5  miles  of  unlined  canal,  15  feet  wide,  that  is 
supplied  with  water  from  the  High  Line  Canal,  which  obtains  water  from  Butter  Creek. 
Recharge  from  the  canal  began  in  1977,  with  recharge  of  469  acre-feet  (af)  of  water. 
Between  1978  and  1984,  annual  recharge  ranged  from  3,149  to  6,763  af/yr,  with  a  mean 
of  5,358  af/yr.  Ground  water  levels  south  of  UMDA  have  increased  approximately  12 
feet  since  1977,  and  at  least  half  of  this  increase  is  attributed  to  the  artificial  recharge  canal 
(Miller,  1985). 


Springs  occur  along  the  Umatilla  River  near  the  northeast  comer  of  the  Ordnance  Area. 
Their  discharge,  though  estimated,  increases  markedly  during  the  irrigation  season 
because  of  leakage  from  nearby  canals.  Ground  water  flows  out  of  the  Ordnance  Area  in 
the  subsurface,  but  information  on  gradients  and  flow  direction  is  too  sparse  to  estimate 
its  flow  rate. 
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Evapotranspiration  directly  by  plants  whose  roots  reach  the  saturated  zone  is  probably 
slight,  because  in  most  parts  of  the  area  the  depth  to  ground  water  appears  to  be  several 
tens  of  feet. 

Pumping,  largely  for  irrigation,  is  the  major  discharger  of  ground  water.  Total  pumpage 
(18,600  af/yr)  has  been  relatively  stable  since  1971. 

12.1.2.6  Meteorology.  The  following  meteorological  information  is  compiled  using 
data  from  Gale  Research  Company  (1985)  and  U.S.  Environmental  Data  Service  (1975). 

UMDA  is  located  within  the  northern  portion  of  the  Columbia  Basin,  which  enjoys  a 
relatively  mild  climate.  The  temperature  ranges  from  24°  to  90°F,  with  a  mean  annual 
temperature  of  52.6°F.  Normal  daily  average  temperatures  vary  from  35°F  in  January  to 
70°F  in  July.  The  mild  temperatures  are  a  result  of  the  moderating  effect  of  the  Pacific 
Ocean  to  the  west. 

The  majority  of  the  moisture  picked  up  from  the  Pacific  Ocean  falls  on  the  western  slopes 
of  the  Pacific  Coast  Range  and  the  Cascades  as  the  air  mass  moves  eastward. 
Precipitation  in  the  Hermiston  area  is  relatively  low,  with  an  annual  mean  of  8.87  inches. 
Only  about  10  percent  of  the  annual  precipitation  falls  in  summer.  For  the  month  of 
January,  the  mean  total  precipitation  is  1.91  inches;  during  July,  the  mean  total  is  only 
0.23  inch.  The  area  receives  an  average  of  9.8  inches  of  snow  annually. 

Mean  relative  humidity  varies  from  80  percent  in  January  to  only  35  percent  in  July.  The 
humidity  tends  to  be  approximately  five  percent  higher  in  the  morning  throughout  the 
year.  Consistent  with  the  low  summer  humidity,  80  to  90  percent  of  annual  evaporation 
occurs  between  May  and  September. 

1.2.2  Nature  and  Extent  of  Contamination 

Contamination  has  been  identified  in  both  the  unconfined  aquifer  and  the  second  confined 
aquifer  at  the  Explosive  Washout  Lagoons.  The  spacial  extent  of  contamination  in  the  two 
aquifers  is  significantly  different;  therefore,  the  nature  and  extent  of  contamination  is 
discussed  separately  for  each  aquifer. 

1.2.2. 1  Unconfined  Aquifer.  The  unconfined  aquifer  consists  of  the  alluvium  and  the 
weathered  flowtop  of  the  Elephant  Mountain  Member  (Section  1.2. 1.2.3, 

Hydrogeology).  The  RI  presented  the  cemented  basalt  gravel/weathered  basalt 
(CBGAVB)  and  the  underlying  gravel  as  part  of  the  unconfined  aquifer;  however, 
additional  studies  have  shown  that  the  CBGAVB  is  the  Elephant  Mountain  basalt  layer 
(Dames  &  Moore,  1993).  A  summary  of  the  contamination  in  the  Unconfined  Aquifer 
during  the  RI  and  Phase  n  RI  program  (November  1990  to  December  1992)  is  presented 
in  Table  1-2  along  with  comparison  criteria  (selected  chemical- specific  ARARs,  risk- 


rcb.67062-43.OU3.12/93 


1-21 


1.0  Introduction 


based  goals,  background,  or  detection  limits  [see  Section  2. 1.3.1,  Chemical- Specific 
ARARs  and  other  Preliminary  Remedial  Goals]). 

Ground  water  samples  were  collected  and  analyzed  from  30  wells  in  the  sandy  alluvium. 
The  sandy  alluvium  includes  all  wells  with  screens  in  the  shallow  sandy  alluvium.  The 
deep  alluvium  is  primarily  silty  sand  and  is  discussed  below.  Contamination  of  explosive 
compounds  was  detected  in  ground  water  from  18  of  the  30  wells.  The  most  common 
contaminant  was  RDX,  with  concentrations  ranging  from  below  detection  (<0.556  P-g/L) 
to  6816  p-g/L  (MW-28, 2/14/91).  RDX  was  detected  above  its  comparison  criteria  (2.1 
P-g/L)  in  16  of  the  locations  and  above  1,000  pg/L  in  four  of  the  locations.  RDX,  the 
most  mobile  of  the  contaminants,  has  the  largest  plume  (Figure  1-6).  From  the  lagoon 
source  area,  the  RDX  plume  extends  primarily  to  the  southeast  with  some  elevated 
concentrations  to  the  northwest.  The  plume  is  well  delineated  to  the  northeast  and 
southwest  where  steep  chemical  concentration  gradients  are  present.  It  appears  that  the 
irrigation-induced  ground  water  flow  direction  (to  the  southeast)  has  a  greater  effect  on 
contaminant  migration  than  does  the  natural  flow  direction  (to  the  northwest). 

Other  explosive  compounds  detected  above  their  comparison  criteria  include  1,3,5-TNB, 
1,3-DNB,  2,4,6-TNT,  2,4-DNT  and  2,6-DNT.  Compounds  detected  below  their 
comparison  criteria  include  HMX,  Tetryl,  and  nitrobenzene.  The  other  explosive 
compounds  are  less  mobile  than  RDX  and  therefore  have  more  localized  plumes.  A 
concentration  contour  map  for  2,4,6-TNT  has  been  provided  as  an  example  of  the  less 
mobile  contaminant  plumes  in  Figure  1-7. 

Eleven  sandy  alluvium  wells  were  sampled  for  inorganics.  Of  those  wells  sampled,  all 
analyses  showed  that  metals  were  below  comparison  criteria  of  either  Maximum 
Contaminant  Levels  (MCLs),  risk-based  criteria,  or  background  concentrations. 
Nitrate/nitrite  was  also  analyzed  for  and  found  to  be  above  the  MCL  in  several  locations 
but  below  the  background  level.  Background  concentrations  for  nitrate/nitrite  are  high  at 
UMDA  due  to  off-site  migration  from  the  surrounding  farms. 

Of  the  four  wells  in  the  silty  sand,  three  had  detectable  explosive  compounds.  No 
explosives  were  detected  in  Well  4-15  and  no  explosives  were  detected  above  their 
comparison  criteria  in  Well  4-12.  Well  4-14,  located  northwest  of  the  source,  had  RDX 
slightly  above  its  comparison  criterion.  Well  4-13,  southeast  of  the  source,  had  both 
RDX  and  2,4-DNT  at  about  their  comparison  criteria.  The  highest  concentration  of 
explosives  in  this  layer,  2,400  pg/L  of  RDX,  was  detected  in  Well  4-13. 

Three  wells  are  installed  in  the  weathered  portion  of  the  Elephant  Mountain  Member. 

Two  (SB-1  and  SB-3)  contain  RDX  slightly  above  the  comparison  criterion.  The  highest 
RDX  concentration  in  this  geologic  structure  was  found  at  SB-2  (76  pg/L),  but  the 
concentration  was  unconfirmed  and  not  found  in  later  rounds  of  sampling. 
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Table  1-2:  Summary  of  Rl  and  Phase  II  Rl  Contaminant  Assessment 
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1.0  Introduction 


Four  intermediate  wells  were  installed  below  the  Elephant  Mountain  Member  to  determine 
whether  the  Rattlesnake  Ridge  Interbed  had  been  contaminated.  The  results  of  the  first 
round  sampling  showed  that  all  contaminants  of  concern  were  below  detection  limits 
(Lechner,  1993).  Based  the  results  of  this  sampling  round  the  Army  has  determined  that 
the  Rattlesnake  Ridge  Interbed  is  not  contaminated  and,  therefore,  does  not  require 
remediation. 

1. 2.2.2  Second  Confined  (Selah)  Aquifer.  Ground  water  data  were  obtained  from  all 
four  wells  screened  in  the  Selah  Interbed  aquifer.  All  of  the  metals  were  detected  below 
their  comparison  criterion  in  all  four  wells,  as  was  nitrate/nitrite. 

Two  wells  (4-10  and  4-17)  are  located  southwest  of  the  source  area.  No  contaminants 
were  detected  in  the  southwest  wells  above  their  comparison  criteria.  Well  4-8  is  located 
immediately  adjacent  to  the  source  and  contained  both  RDX  and  2,4-DNT  above  their 
comparison  criteria. 

The  highest  concentration  detected  in  the  Selah  aquifer  was  found  at  Well  4-9,  which  is 
located  southeast  of  the  source  area.  RDX  was  the  only  contaminant  detected  above  its 
criteria  at  this  location:  1,100  jig/L  in  October  1990  and  4,700  pg/L  in  February  1991. 
Because  no  contamination  was  found  in  the  first  confined  aquifer,  the  Army 
Environmental  Center  has  suspected  that  either  drilling  activities  or  possibly  slight  well 
leakage  may  be  causing  the  contamination  measured  in  the  second  confined  aquifer. 
Additional  time-series  sampling  was  conducted  in  Wells  4-8  and  4-9  to  measure  the 
extent  of  contamination,  and  downhole  video  logging  was  conducted  to  investigate  the 
integrity  of  the  wells.  The  results  of  this  work  are  currently  being  reviewed,  though  first 
indications  are  that  second  aquifer  contamination  did  arise  from  a  small  amount  of  well 
leakage  from  the  alluvial  aquifer,  and  that  no  remedial  action  other  than  removal  of  the 
wells  is  needed.  The  Army  is  preparing  to  conduct  this  work  in  consultation  with  the 
regulatory  agencies. 

1.2.3  Human  Health  Baseline  Risk  Assessment 

This  section  of  the  FS  summarizes  the  risk  assessment  completed  for  Site  4  in  the  Final 
Human  Health  Baseline  Risk  Assessment  (HBRA)  (Dames  &  Moore,  1992b).  Because 
this  FS  considers  the  ground  water  contamination,  only  those  risks  associated  with  the 
ground  water  are  addressed.  For  a  detailed  presentation  of  the  results,  refer  to  the  HBRA 
(Dames  &  Moore,  1992b). 

1.2.3. 1  Seiection  of  Contaminants  of  Concern.  The  analytical  results  used  in  the 
HBRA  are  from  the  Enhanced  Preliminary  Assessment  (Dames  &  Moore,  1990)  or 
Remedial  Investigation  (Dames  &  Moore,  1992a).  These  data  were  selected  because  they 
represent  current  site  conditions  and  because  sample  collection  and  analysis  was 
conducted  using  U.S.  Army  Environmental  Center  (USAEC)  protocols.  The  potential 
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Figure  1-6:  RDX  Concentrations  In  Water  Table  Wells  at  Site  4 

January/February  1991 


Concentrations  In  Water  Table  Wells  at  Site  4 
January/February  1991 


1.0  Introduction 


contaminants  of  concern  from  those  investigations  were  identified  using  the  following 
criteria: 

•  Positive  detection  in  at  least  one  sample  in  at  least  one  medium 

•  Significant  elevation  above  method  blanks  (5  to  10  times  the  method  blank 
concentration  depending  on  the  compound) 

•  Inorganic  compounds  present  at  concentrations  above  the  maximum  background 
sample  concentration 

•  Tentatively  identified  compounds  (TICs)  if  known  to  be  site  related 

•  Transformation  products  of  other  contaminants  of  concern 

The  contaminants  of  concern  identified  in  ground  water  for  Site  4  are  summarized  in 
Table  1-3.  The  contaminants  have  been  identified  for  two  separate  aquifers:  the 
unconfmed  aquifer  and  the  second  confined  aquifer.  The  flood  gravel  data  include  all 
weUs  installed  in  the  unconfined  aquifer.  The  second  confined  aquifer  includes  the  four 
wells  screened  in  the  Selah  Interbed.  Ground  water  data  from  Sites  47  and  67  have  been 
combined  with  Site  4  data  because  of  the  difficulty  in  distinguishing  plumes  from  each 
source. 

1. 2.3.2  Toxicity  Assessment.  Toxicological  profiles  were  developed  for  the  HBRA 
and  are  included  in  Appendix  D  of  that  document.  Information  on  the  profiles  includes, 
where  available:  non-carcinogenic  effects  and  reference  doses  for  oral  ingestion  and 
inhalation;  carcinogenic  effects,  slope  factors  and  weights-of-evidence  for  oral  ingestion, 
demial  absorption,  and  inhalation;  and  references. 

Reference  dose  (RfD)  values  are  used  to  evaluate  non-carcinogenic  effects.  RfDs  are 
derived  from  "no-observed-adverse-effect  levels"  (NOAELs),  which  represent  the 
highest  experimental  exposure  level  at  which  a  particular  critical  toxic  effect  is  not 
observed.  Cancer  slope  factors  (SF)  are  used  to  evaluate  potential  human  carcinogenic 
risks.  A  SF  is  defined  as  an  estimate  of  the  upper  95  percent  confidence  limit  of  the  slope 
of  the  dose-response  curve  extrapolated  to  low  doses,  and  is  considered  to  be  a  measure 
of  the  cancer-causing  potential  of  a  chemical.  RfDs  and  SFs  are  provided  for  both 
ingestion  and  inhalation.  Toxicity  values  are  obtained  from  the  Integrated  Risk 
Information  System  (IRIS),  the  Health  Effects  Assessment  Summary  Tables  (HEAST), 
EPA  Region  HI  Toxicity  criteria,  the  Public  Health  Risk  Evaluation  Database,  the 
Drinking  Water  Criteria  documents,  the  Ambient  Water  Quality  Criteria  documents,  the 
Air  Quality  Criteria  documents,  and  the  Agency  for  Toxic  Substances  and  Disease 
Registry  (ATSDR)  toxicity  profiles.  Toxicity  values  for  the  contaminants  of  concern  in 
the  ground  water  at  the  Explosive  Washout  Lagoons  are  summarized  in  Table  1-4. 
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Table  1-3:  Summary  of  Contaminants  of  Concern  for  Ground  Water  at  Site  4 


Site  Numbers 


Chemicals  4, 47  and  4, 47  and 

67  Flood  Gravels  67  Basalt 
TAL  Inorganics  _ 


Antimony 

Arsenic 

ND 

Barium 

BKGD 

BKGD 

Beryllium 

ND 

Calcium 

BKGD 

BKGD 

Chromium 

ND 

Copper 

ND 

Iron 

ND 

BKGD 

Lead 

BKGD 

Magnesium 

BKGD 

BKGD 

Manganese 

BKGD 

BKGD 

Mercury 

BKGD 

ND 

Nickel 

ND 

Potassium 

BKGD 

BKGD 

Silver 

BKGD 

ND 

Sodium 

BKGD 

Vanadium 

ND 

Zinc 

BKGD 

Cyanide 

ND 

ND 

Selenium 

ND 

ND 

Explosives 

1 .3.5- Trinitrobenzene 

1.3- Dinitrobenzene 

2.4.6- TNT 

2.4- DNT 

2.6- DNT 
HMX 
RDX 

Nitrobenzene 

Tetryi 


Other  Inorganics 

Nitrate/nitrite 

Chloride 

Sulfate 


BKGD 

BKGD 

BKGD 

BKGD 

BKGD 

TCL  Volatiles 

Trichlorofluoromethane 

Toluene 

Benzene 

Trichloroethylene 


ND 

ND 

BLK 

ND 

ND 

ND 

ND 

TCL  Semivolatiles 
Bis  (2-ethylhexyl)phthalate 


ND 


ND 


Notes: 


I  -  Selected  as  a  contaminant  of  concern. 


BKGD  -  Detected  but  not  selected  because  concentrations  were  within  background  levels. 

BLK  -  Detected  but  not  selected  because  chemical  is  commonly  detected  in  laboratory  blanks; 

see  text  for  further  explanation. 

ND  -  Not  Detected 
TAL  -  Target  Analyte  List 
TCL  -  Target  Compound  List 


Source:  HBRA  (Dames  &  Moore,  1992b) 
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Table  1-4:  Summary  of  Toxicity  Criteria  for  the  Contaminants  of  Concern 


Chemical 

RfDo 

(mg/kg/day) 

RfDi(a) 

(mg/kg/day) 

SFo 

SFi 

Source  (b) 

TAL  Inorganics 

Arsenic 

3.00E-04 

UR 

1.75E-r00 

1 .40E-H01 

1,1, 1,1 

Beryllium 

5.00E-03 

ND 

4.30E+00 

8.40E-rOO 

1,1, 1,1 

Chromium  III 

1  .OOE-hOO 

6.00E-07 

ND 

ND 

1,2, 1,1 

Chromium  IV 

5.00E-03 

6.00E-07 

ND 

4.25E-01 

1,2,1, 1 

Copper 

3.70E-02 

1.00E-02 

ND 

ND 

3,3,1, 1 

Iron 

ND 

8.60E-03 

ND 

ID 

3 

Lead 

lUBK  Model 

ID 

ID 

ID 

4,4,1, 1 

Mercury  (inorganic) 

3.00E-04 

9.00E-05 

ND 

ND 

2,2,1, 1 

Nickel 

2.00E-02 

UR 

ND 

8.40E-01 

1,1, 1,1 

Sodium 

ID 

ID 

ID 

ID 

1,1, 1,1 

Vanadium 

7.00E-03 

ND 

ND 

ND 

2, 1,1,1 

Zinc 

2.00E-01 

ND 

ND 

ND 

2,1, 1,1 

1 ,3,5-Trinitrobenzene 

5.00E-05 

ND 

ND 

ND 

1,1, 1,1 

1,3-Dinitrobenzene 

1  .OOE-04 

ND 

ND 

ND 

1,1, 1,1 

2,4,6-TNT 

5.00E-04 

ND 

3.00E-02 

ND 

1,1, 1,1 

2,4-DNT 

2.00E-03 

ND 

6.80E-01 

ND 

5, 1,1,1 

2,6-DNT 

1.00E-03 

ND 

6.80E-01 

ND 

5, 1,1,1 

HMX 

5.00E-02 

ND 

ND 

ND 

1,1, 1,1 

RDX 

3.00E-03 

ND 

1.10E-01 

ND 

1,1, 1,1 

Nitrobenzene 

5.00E-04 

6.00E-04 

ND 

ND 

1,2,1, 1 

Tetryl 

1  .OOE-02 

ND 

ND 

ND 

Other  Inorganics 

Nitrate 

1.60E-I-00 

ND 

ND 

ND 

1,2,1, 1 

Nitrite 

1.00E-01 

ND 

ND 

ND 

6 

TCL  Volatiles 

Trichloroethylene 

UR 

UR 

1.10E-02 

6.00E-03 

1,1, 7,7 

Pesticides/PCBs 

Chlordane 

6.00E-05 

UR 

1.30E-r00 

1 .30E+00 

1,1, 1,1 

Dieldrin 

5.00E-05 

ND 

1.60E-f01 

1 .60E-r01 

1,1, 1,1 

DDD 

ND 

ND 

2.40E-01 

ND 

1,1, 1,1 

DDE 

ND 

ND 

3.40E-01 

ND 

1,1, 1,1 

DDT 

5.00E-04 

ND 

3.40E-01 

3.40E-01 

1,1, 1,1 

Endrin 

3.00E-04 

ND 

ND 

ND 

1,1, 1,1 

PCB  1260 

ND 

ND 

7.70E-t-00 

ND 

1,1, 1,1 

Notes: 

RfDi  -  inhalation  reference  dose 

RfDo  -  oral  ingestion  reference  dose 

SFi  -  inhalation  slope  factor 

SFo  -  oral  slope  factor 

ID  -  Insufficient  Data  Available 

ND  -  No  Data 

UR  -  Under  Review 

(a)  -  Inhalation  reference  doses  were  calculated  from  reference  air  concentrations  (RFCs)  assuming  that 
a  standard  70  kg  human  inhales  20  cubic  meters  of  air/day  (USEPA,  1989b). 

Limitations  of  these  assumptions  are  discussed  in  the  uncertainty  section  of  the  HBRA  (Dames  &  Moore,  1992b). 

(b)  -  Source  codes  are  listed  below.  The  four  values  shown  in  this  column  are  the  sources  for  the  oral  RfD, 
the  inhalation  RfD,  the  oral  slope  factor,  and  the  inhalation  slope  factor,  respectively. 

(1)  USEPA,  1991d 

(2)  USEPA,  1991e 

(3)  USEPA,  1991g 

(4)  USEPA,  1991k 

(5)  Brower,  1992 

(6)  USEPA,  1990 

(7)  Ris,  1992 


Source:  HBRA  (Dames  &  Moore,  1992b) 


rcb.e7062-43.OU3. 1 2«3 


1-31 


1.0  Introduction 


1. 2.3.3  Exposure  Assessment.  Exposure  scenarios  include  a  contaminant  source,  a 
release  or  transport  mechanism,  an  exposure  pathway  by  which  the  contaminant  enters 
the  receptor's  body,  and  a  potential  receptor.  Twelve  potential  exposure  pathways  were 
included  for  the  HMD  A  HBRA: 

1 .  Dermal  contact  with  contaminated  soil 

2 .  Inadvertent  ingestion  of  contaminated  soil 

3 .  Inhalation  of  contaminated  soil  as  airborne  dust 

4 .  Inhalation  of  vapors  volatilized  from  soil 

5 .  Ingestion  of  contaminated  ground  water 

6 .  Inhalation  of  volatile  contaminants  emitted  from  ground  water  during  showering 

7 .  Dermal  contact  with  contaminated  ground  water  during  showering 

8 .  Dermal  contact  of  contaminated  ground  water  during  non-showering  use 

9 .  Inhalation  of  vapors  during  non-showering  use  of  ground  water 

10.  Consumption  of  game  that  feeds  on  vegetation  that  grows  in  contaminated  soil 

1 1 .  Consumption  of  livestock  (or  their  milk)  that  feed  on  vegetation  growing  in 
contaminated  soil  and/or  that  consume  contaminated  ground  water 

12.  Consumption  of  crops  irrigated  by  contaminated  ground  water  and/or  grown  in 
contaminated  soil 

In  general,  each  pathway  was  reviewed  for  both  current  and  future  land  use.  However, 
at  Site  4,  because  no  current  pathways  exist,  only  future  land  use  scenarios  were 
addressed.  Receptors  for  future  land  use  vary  with  the  selected  use:  residential, 
industrial,  military,  agricultural,  and  recreation.  In  most  cases,  the  residential  scenario 
was  used  for  future  land  use  because  it  is  the  most  conservative  of  the  future  scenarios. 

Pathways  were  excluded  in  the  risk  assessment  for  individual  sites  for  one  of  five 
reasons: 

•  Sampling  was  not  performed,  because  the  medium  and/or  contaminant  was  not 
considered  to  be  a  concern. 

•  The  contaminant  source  applicable  to  the  specific  pathway  has  been  shown  not  to 
exist  based  on  sampling  results. 

•  The  transport  mechanism  for  the  pathway  does  not  exist  at  the  site. 

•  The  receptor  does  not  exist  at  the  site. 

•  The  exposure  route  cannot  exist  at  the  site  for  other  reasons. 

In  addition  to  the  exclusion  of  some  pathways,  other  pathways  were  not  quantified 
because:  (1)  the  exposure  resulting  from  the  pathway  is  much  less  than  that  from  another 
analogous  pathway;  (2)  the  potential  magnitude  of  the  exposure  is  low;  or  (3)  the 
probability  of  the  exposure  occurring  is  very  low. 
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The  pathways  included  for  quantification  of  the  risk  for  ground  water  at  the  Explosive 
Washout  Lagoons  are  summarized  below: 

•  Ingestion  of  contaminated  ground  water 

•  Dermal  absorption  of  contaminated  ground  water  during  showering 

•  Consumption  of  crops  irrigated  by  contaminated  ground  water  and/or  grown  in 
contaminated  soil 

For  each  quantified  pathway,  an  average  daily  intake  is  calculated  using  a  variety  of 
assumptions,  i.e,  receptor  body  weight,  frequency  of  exposure,  exposure  duration, 
respiration  rates,  absorption  factors,  skin  surface  areas,  and  ingestion  rates.  For  details 
regarding  which  parameters  are  included  in  the  individual  pathways,  refer  to  the  Draft 
HBRA  (Dames  &  Moore,  1992b). 

1. 2.3.4  Risk  Characterization.  The  risk  characterization  is  conducted  by  combining 
the  toxicological  data  with  the  average  daily  intakes.  Potential  incremental  cancer  risks 
are  calculated  by  multiplying  the  daily  intake  averaged  over  the  receptor's  lifetime  by  the 
SF.  Hazard  indices  are  calculated  for  non-carcinogenic  risks  by  dividing  the  average 
daily  intake  by  the  RfD.  Carcinogenic  risks  and  non-carcinogenic  hazard  indexes  are 
calculated  for  each  pathway  and  then  summed  to  yield  the  total  site  risk  and  hazard  index. 

The  three  pathways  shown  in  Section  1.2.3.3  were  quantitatively  evaluated  for  the  risk 
assessment  at  Site  4.  The  resulting  hazard  indices  and  risks  are  summarized  in  Table  1-5. 
For  the  unconfmed  aquifer,  the  total  carcinogenic  risk  is  2x1 0-i  and  the  total  non- 
carcinogenic  hazard  index  is  9x103.  The  basalt  aquifer  was  found  to  have  the  same  risk. 

The  risk  values  reported  for  consumption  of  crops  are  estimated  based  on  both  soil  and 
ground  water  contamination,  which  resulted  in  elevated  risk  estimates  when  considering 
only  ground  water.  If  crop  consumption  is  eliminated  from  the  total  carcinogenic  and 
non-carcinogenic  risks,  the  risk  levels  decrease.  However,  even  without  crop 
consumption,  the  site  presents  risk  levels  that  are  outside  the  acceptable  risk  range  of  10-4 
to  10-6  for  carcinogenic  risk  and  greater  than  1.0  for  the  non-carcinogenic  hazard  index. 
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Table  1-5:  Carcinogenic  Risks  and  Non-Carcinogenic  Hazards  at  Site  4  - 
Future  Residential  Land  Use  Scenario 


Pathway 

No. 

Pathway 

Description 

Flood  Gravel 

Risk  HI 

Basalt 

Risk 

HI 

5 

Ingestion  of 

Ground  Water 

3.00E-03 

3.00E+01 

2.00E-03 

6.00E+01 

7 

Dermal  Absorption  of 

Ground  Water 

Contaminants  During 

Showering 

2.00E-06 

5.00E-06 

4.00E-06 

1.00E-01 

12 

Consumption  of  Crops 

2.00E-01 

9.00E+03 

2.00E-01 

9.00E+03 

Totals 

2.00E-01 

9.00E+03 

2.00E-01 

9.00E+03 

Total  Without  Pathway  12 

3.00E-03 

3.00E+01 

2.00E-03 

6.00E+01 

HI  =  Hazard  Index 


Source:  Arthur  D.  Little,  Inc. 
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2.0  Identification  and  Screening  of  Technoiogies 


The  primary  objective  of  this  phase  of  the  FS  is  to  develop  an  appropriate  range  of 
remedial  alternatives  that  will  protect  human  health  and  the  environment  by  ehminating, 
reducing,  and/or  controlling  risks  posed  by  each  pathway.  These  alternatives  are  then 
assessed  in  the  detailed  analysis  phase  (Section  4.0,  Detailed  Analysis). 

Remedial  action  objectives  that  specified  the  contaminants  and  media  of  concern, 
exposure  pathways,  and  preliminary  remediation  goals  (PRGs)  were  first  developed  to 
enable  a  range  of  alternatives  to  be  assembled.  The  preliminary  remediation  goals  were 
selected  based  on  the  Apphcable  or  Relevant  and  Appropriate  Requirements  (ARARs), 
developed  for  UMDA  by  Oak  Ridge  National  Laboratory  (1991)  and  the  Human  Health 
Baseline  Risk  Assessment  (Dames  &  Moore,  1992b). 

Once  the  remedial  action  objectives  were  developed,  the  volume  of  contaminated  ground 
water  was  estimated  based  on  the  results  of  the  RI.  Using  the  estimated  amount  of 
ground  water  to  be  remediated  and  the  developed  remedial  action  objectives,  potential 
technologies  were  identified  and  screened  to  eliminate  those  technologies  that  were  not 
technically  applicable  to  remediate  this  site.  Apphcable  process  options  for  the  remaining 
technologies  were  then  identified  and  evaluated  for  effectiveness,  implementabihty,  and 
cost.  This  resulted  in  the  selection  of  a  process  option  for  each  technology  type. 

The  detailed  description  of  the  technology  identification  and  screening  phase  is  presented 
in  the  remaining  sections,  following  the  outline  provided  by  ERA  in  Guidance  for 
Conducting  Remedial  Investigations  and  Feasibility  Studies  under  CERCLA  (ERA, 
1988). 


2.1  Remedial  Action  Objectives 

Development  of  the  remedial  action  objectives  is  the  most  critical  step  in  the  FS  process 
because  the  objectives  are  the  basis  by  which  the  technologies  and  process  options  are 
evaluated.  During  the  development  of  the  remedial  action  objectives,  three  items  are 
reviewed:  1)  the  contaminants  that  exceed  ARARs  and  risk-based  goals  in  the  media  of 
concern;  2)  the  exposure  pathways  by  which  humans  or  the  environment  can  be  exposed 
to  these  contaminants;  and  (3)  preliminary  remediation  goals. 

The  preliminary  remediation  goals  are  concentrations  of  contaminants  for  each  exposure 
route  that  are  believed  to  provide  adequate  protection  of  human  health  and  the 
environment  based  on  preliminary  site  information.  These  goals  are  used  to  assist  in 
setting  parameters  for  the  purpose  of  evaluating  technologies  and  developing  remedial 
alternatives.  For  all  classes  of  chemicals,  the  NCR  requires  the  use  of  ARARs  to  set 
remediation  goals  (e.g.,  maximum  contaminant  levels  [MCLs],  ambient  water  quality 
criteria  [AWQC])  when  they  are  available. 
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2.0  Identification  and  Screening  of  Technoiogies 


When  ARARs  are  not  available  or  are  not  sufficiently  protective  because  of  multiple 
exposures  or  multiple  contaminants,  risk-based  remediation  goals  are  derived  for  non- 
carcinogenic  chemicals.  These  goals  assure  that  exposures  present  no  appreciable  risk  of 
significant  adverse  effects  to  individuals,  based  on  a  comparison  of  the  exposures  to  the 
concentration  associated  with  rehable  toxicity  information  such  as  the  reference  dose. 
Similarly,  when  ARARs  do  not  exist  for  carcinogens,  remediation  goals  are  set  based  on 
the  incremental  individual  lifetime  cancer  risk  range  of  10^  to  10-6. 

In  the  development  of  the  remediation  goals  for  Site  4,  the  ERA  requirements  for  using 
ARARs,  toxicity  information  for  non-carcinogenic  contaminants,  and  the  individual 
lifetime  cancer  risk  range  were  followed.  Because  of  multiple  contaminants  and 
pathways,  the  most  stringent  requirement,  where  appropriate  (e.g.,  zero  maximum 
contaminant  level  goals  were  not  considered  to  be  appropriate),  was  selected  as  the 
preliminary  remedial  goal.  The  preliminary  remedial  goals  were  then  combined  to  ensure 
that  if  the  site  was  remediated  to  these  levels,  the  total  individual  lifetime  cancer  risk 
would  fall  within  the  range  of  10-4  to  10-6  and  the  non-carcinogenic  effects  to  individuals 
would  present  no  appreciable  risk. 

2.1 .1  Media  and  Contaminants  of  Concern 

Contamination  has  been  identified  in  both  the  unconfined  aquifer  and  the  second  confined 
aquifer  at  the  Explosive  Washout  Lagoons.  The  spacial  extent  of  contamination  in  the  two 
aquifers  is  significantly  different,  therefore,  the  nature  and  extent  of  contamination  is 
discussed  separately  for  each  aquifer. 

The  unconfined  aquifer  consists  of  the  alluvium  and  weathered  flowtop  of  the  Elephant 
Mountain  member  (Section  1.2. 1.2.3,  Hydrogeology).  The  RI  (Dames  &  Moore,  1992b) 
presented  the  Cemented  Basalt  Gravel/Weathered  Bedrock  (CBGAVB)  and  the 
underlying  gravel  as  part  of  the  unconfined  aquifer;  however,  additional  studies  (Dames 
&  Moore,  1993)  have  shown  that  the  CBGAVB  is  the  Elephant  Mountain  basalt  layer. 

Twenty-one  potential  contaminants  of  concern  (Table  2-1)  were  identified  in  the  HBRA, 
including  10  metals,  9  explosives,  nitrate/nitrite,  and  trichloroethylene.  Each  of  these 
potential  contaminants  of  concern  was  compared  to  the  chemical-specific  ARARs  and 
risk-based  cleanup  goals  developed  in  Section  2.1. 3.1.  Based  on  this  comparison,  six 
explosives  were  determined  to  be  contaminants  of  concern  and  carried  through  the  FS. 


•  1,3,5-TNB 

•  1,3-DNB 

•  2,4,6-TNT 

•  2,4-DNT 

•  2,6-DNT 

•  RDX 
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Table  2-1 :  Selection  of  Contaminants  of  Concern  for  the  FS 


Chemicals  of  Concern 

From  HBRA  Comments 


TAL  Inorganics 
Antimony 


Arsenic 


Beryllium 


Chromium 


Copper 


Lead 


Nickel 


Sodium 


Vanadium 


Zinc 


Was  detected  twice;  however,  both  detections  were  below  the 
background  concentration  of  8  pg/L  and  the  MCL  of  6  pg/L. 

Was  detected  16  times;  however,  all  detections  were  below  or  at 
the  background  concentration  of  15  pg/L  and  below  the  MCL  of 
50pg/L. 

Was  detected  one  time  below  the  MCL  of  4  pg/L. 


Was  detected  eight  times;  however,  all  detections  were  below  the 
MCL  of  100  pg/L  . 

Was  detected  five  times;  however,  all  detections  were  below  or  at 
the  background  concentration  of  15  pg/L  and  below  the  MCL  of 
1,300  pg/L. 

Was  detected  eight  times;  however,  all  detections  were  below  or 
at  the  background  concentration  of  13  pg/L  and  below  the  MCL 
of  15  pg/L. 

Was  detected  two  times;  however,  all  detections  were  below  the 
MCL  of  100  pg/L. 

Was  detected  26  times;  however,  all  detections  were  below  the 
background  concentration  of  100,000  pg/L. 

Was  detected  12  times;  however,  all  detections  were  below  or  at 
the  background  concentration  of  100  pg/L  and  below  the  risk- 
based  cleanup  level  of  260  pg/L. 

Was  detected  three  times;  however,  all  detections  were  below  the 
Oregon  MCL  of  5,000  pg/L. 


Explosives 

1,3,5-TNB 


1,3-DNB 


Was  detected  27  times,  and  several  detections  were  above  the 
risk-based  cleanup  level  of  18  pg/L. 

Was  detected  13  times,  and  several  detections  were  above  the 
risk-based  cleanup  level  of  4  pg/L. 
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Table  2-1 :  Selection  of  Contaminants  of  Concern  for  the  FS  (continued) 
Chemicals  of  Concern 

From  HBRA  Comments 


2,4,6-TNT 


2,4-DNT 


2,6-DNT 


HMX 


RDX 


NB 


Tetryl 


Was  detected  20  times,  and  several  detections  were  above  the 
risk-based  cleanup  level  of  2.8  txg/L. 

Was  detected  16  times,  and  several  detections  were  above  the 
CRL  of  0.6  pg/L. 

Was  detected  one  time,  and  the  detection  was  above  the  CRL  of 
1.2|ig/L. 

Was  detected  22  times;  however,  all  detections  were  below  the 
risk-based  cleanup  level  of  1 ,800  P-g/L. 

Was  detected  68  times,  and  several  detections  were  above  the 
CRL  of  2.1  pg/L. 

Was  detected  three  times;  however,  all  detections  were  below  the 
risk-based  cleanup  level  of  20  pg/L. 

Was  detected  one  time;  however,  the  detection  was  below  the 
risk-based  cleanup  level  of  400  pg/L. 


Other  Inorganics 
Nitrate/Nitrite 


Was  detected  90  times;  however,  all  but  two  detections  were 
below  the  background  concentration  of  54,000  pg/L.  The  two 
detections  above  the  background  concentration  were  located 
outside  the  explosive  plume. 


TCL  Volatiles 
Trichloroethylene 


Was  detected  one  time;  however,  the  detection  was  below  the 
MCLof5pg/L. 


Notes: 

Shaded  blocks  indicate  that  the  compound  was  retained  as  a  contaminant  of  concern  in  the  FS. 

MCL  -  Maximum  Contaminant  Level 

CRL  -  Certified  Reporting  Limit 

TAL  -  Target  Analyte  List 

TCL  -  Target  Compound  List 

Source:  Arthur  D.  Little,  Inc. 
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2.0  Identification  and  Screening  of  Technoiogies 


These  six  compounds  represent  the  majority  of  the  total  risk  (approximately  84%)  and 
total  hazard  index  (approximately  95%)  from  the  site  (without  Pathway  12,  ingestion  of 
crops).  The  15  other  potential  contaminants  of  concern  from  the  risk  assessment  were 
eliminated  because  they  were  not  found  at  Site  4  in  concentrations  that  exceeded 
preliminary  remediation  goals  (PRGs)  (Table  2-1). 

In  the  second  confined  aquifer  only  RDX  and  2,4-DNT  were  detected  above  cleanup 
levels;  the  highest  RDX  concentration  detected  was  found  in  Well  4-9  which  is  located 
southeast  of  the  source  area.  RDX  was  the  only  contaminant  detected  above  its  criteria  at 
this  location:  1,1(X)  pg/L  in  October  1990  and  4,700  pg/L  in  Febmary  1991.  Because  no 
contamination  was  found  in  the  first  confined  aquifer,  the  Army  Environmental  Center 
has  suspected  that  either  drilling  activities  or  possibly  slight  well  leakage  may  be  causing 
the  contamination  measured  in  the  second  confined  aquifer.  Additional  time-series 
sampling  was  conducted  in  Wells  4-8  and  4-9  to  measure  the  extent  of  contamination, 
and  downhole  video  logging  was  conducted  to  investigate  the  integrity  of  the  wells.  The 
results  of  this  work  are  currently  being  reviewed,  though  first  indications  are  that  second 
aquifer  contamination  did  arise  from  a  small  amount  of  well  leakage  from  the  alluvial 
aquifer,  and  that  no  remedial  action  other  than  removal  of  the  wells  is  needed.  The  Army 
is  preparing  to  conduct  this  work  in  consultation  with  the  regulatory  agencies. 

Descriptions  of  the  sampling  and  ground  water  findings  for  Site  4  are  provided  in  Section 
1.4,  Nature  and  Extent  of  Contamination. 

2.1.2  Exposure  Pathways 

The  probability  of  current  exposure  of  human  receptors  to  the  ground  water  contaminants 
of  concern  at  Site  4  is  considered  low  because  of  access  restrictions  and  was,  therefore, 
not  evaluated.  Because  of  UMDA's  inclusion  in  the  BRAC  Program,  the  probability  of 
future  exposure  of  human  receptors  is  considered  high  based  on  the  probability  that 
UMDA  property  will  eventually  be  vacated  by  the  Army  and  become  available  for 
residential  or  industrial  use.  Three  future  land  use  scenarios  were  evaluated: 

•  Residential 

•  Light  Industrial 

•  Military 

For  each  land  use  scenario,  two  exposure  pathways  were  evaluated  that  may  potentially 
apply  to  the  ground  water  at  Site  4.  Each  pathway  was  not  applicable  to  all  three  of  the 
land  use  scenarios.  The  pathways  were: 

•  Ingestion  of  contaminated  ground  water 

•  Dermal  absorption  of  ground  water  contaminants  during  showering 
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2.0  Identification  and  Screening  of  Technoiogies 


Crop  ingestion  was  also  considered  a  pathway  in  the  HBRA  and  estimated  to  present 
carcinogenic  and  non-carcinogenic  risks;  however,  EPA,  with  concurrence  from  ODEQ 
and  the  Army,  has  determined  that  the  crop  ingestion  pathway  is  not  a  likely  exposure 
pathway  at  Site  4  due  to  the  slope  and  sandy  nature  of  the  soils,  which  generally  make  the 
site  unusable  for  agriculture.  Therefore,  this  pathway  has  not  been  included  in  the 
development  of  preliminary  remediation  goals. 

The  residential  land  use  scenario  is  applicable  to  both  pathways  and  it  is  also  the  most 
conservative  scenario  of  the  three  future  land  use  options  for  exposure  of  human 
receptors  to  the  ground  water  contaminants  at  Site  4.  Therefore,  the  remaining 
discussion  of  this  FS  will  be  based  on  the  residential  land  use  scenario. 

A  summary  of  potential  carcinogenic  risks  and  non-carcinogenic  hazards  for  these 
exposure  pathways  is  provided  in  Table  1-5  in  Section  1.2.3.4,  Risk  Characterization. 

2.1.3  Applicable  or  Relevant  and  Appropriate  Requirements 

The  selection  of  ARARs  is  dependent  on  the  hazardous  substances  present  at  the  site,  the 
site  characteristics  and  location,  and  the  actions  selected  for  a  remedy.  Therefore, 

ARARs  are  developed  in  three  categories: 

•  Chemical-specific 

•  Location-specific 

•  Action-specific 


Chemical-specific  ARARs  are  health-  or  risk-based  concentration  limits  set  for  specific 
hazardous  substances,  pollutants,  or  contaminants.  Location- specific  ARARs  address 
such  circumstances  as  the  presence  of  wetlands  on  the  site  or  the  location  of  the  100-year 
floodplain.  Action-specific  ARARs  control  or  restrict  particular  types  of  remedial  actions 
as  alternatives  for  cleanup. 

2.1. 3.1  Chemical-Specific  ARARs  and  Risk-Based  Remedial  Goals.  In 

developing  chemical-specific  ARARs,  both  federal  and  state  regulations  were  considered 
(Table  2-2).  In  addition,  because  there  are  no  chemical-specific  ARARs  for  explosives, 
risk-based  remedial  goals  were  calculated  for  a  hazard  index  of  1  for  noncarcinogens  and 
an  incremental  risk  of  1x10-6  for  carcinogens.  These  risk-based  remedial  goals  are  not 
considered  ARARs  but  they  are  presented  here  so  that  all  potential  preliminary 
remediation  goals  can  be  shown  together. 

Federal  ARARs 

Safe  Drinking  Water  Act.  In  the  National  Contingency  Plan  (NCP),  EPA  states  the 
preference  for  Safe  Drinking  Water  Act  (SDWA)  maximum  contaminant  levels  (MCLs) 
and  non-zero  maximum  contaminant  level  goals  (MCLGs)  or  other  health-based 
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Table  2-2:  Chemical-Specific  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs) 

Site  4,  Umatilla  Explosive  Washout  Lagoons  Ground  Water 
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Federal  U.S.  EPA  Risk  To  Be  Considered  Protects  against  RfDs  will  be  considered  to 

Nonregulatory  Reference  Doses  (RfDs)  noncarcinogenic  effects  from  assess  health  risks  from 

Advisories  and  exposure  to  contamination.  contaminants  at  the  site. 

Guidance  Requirements 


Table  2-2:  Chemical-Specific  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs)  (continued) 
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141.11-141.16,  factors  and  technical  and 

14 1 .6 1 , 14 1 .62  economic  feasibility  of 

removing  the  contaminant 
from  the  water  supply. 


Table  2-2:  Chemical-Specific  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs)  (continued) 
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2.0  Identification  and  Screening  of  Technoiogies 


standards,  criteria,  or  guidance  for  the  cleanup  of  Class  I  and  II  ground  water  at 
CERCLA  sites.  Ground  water  is  classified  according  to  its  potential  for  use,  including  as 
drinking  water. 

The  EPA  Ground  Water  Protection  Strategy  designates  three  categories  of  ground  water: 

•  Class  I:  Special  Ground  Waters  -  Waters  that  are  highly  vulnerable  to  contamination 
and  are  either  irreplaceable  or  ecologically  vital  sources  of  drinking  water. 

•  Class  n:  Current  and  Potential  Sources  of  Drinking  Water  and  Waters  Having  Other 
Beneficial  Use  -  All  other  ground  waters  that  are  currently  used  or  are  potentially 
available  for  drinking  water  or  other  beneficial  use. 

•  Class  ni:  Ground  Water  Not  Considered  Potential  Sources  of  Drinking  Water  and  of 
Limited  Beneficial  Use  -  Waters  that  are  highly  saline  (i.e.,  they  have  total  dissolved 
solids  over  10,000  mg/l)  or  are  otherwise  contaminated  beyond  levels  that  allow 
cleanup  using  methods  reasonably  employed  in  public  treatment  systems.  These 
ground  waters  also  must  not  be  able  to  migrate  to  Class  I  or  11  ground  waters  or  to 
have  a  discharge  to  surface  water  that  could  cause  degradation. 

The  goal  of  EPA’s  approach  to  contaminated  ground  water  cleanup  is  to  return  usable 
ground  water  to  its  beneficial  use,  within  a  reasonable  time  frame,  given  the  particular 
circumstances  of  the  site.  The  EPA  guidance  on  ground  water  classification,  although  not 
an  ARAR  until  promulgated,  should  be  used  in  determining  whether  the  ground  water  at 
a  site  falls  within  Class  I,  n,  or  HI.  This  can  then  be  used  in  determining  which  cleanup 
standards  may  be  relevant  and  appropriate.  Restoration  time  periods  vary  depending  on 
the  use  classification  of  the  ground  water  and  may  range  fi'om  one  year  to  several 
decades.  The  alluvial  ground  water  at  UMDA  Site  4  is  currently  used  to  supply  crop 
irrigation  water  in  the  nearby  area  while  the  basalt  aquifer  supplies  drinking  water  for  the 
UMDA  site;  therefore,  they  are  categorized  as  Class  I. 

Under  the  SDWA,  a  number  of  chemical-specific  standards  pertaining  to  water  quality 
were  established  in  40  CFR  141  as  the  National  Primary  Drinking  Water  Standards 
(NPDWS).  These  regulations  are  applicable  to  public  water  systems  that  have  at  least  15 
service  connections  or  that  regularly  serve  an  average  of  at  least  25  people  60  days  of  the 
year.  NPDWS  include  MCLs  and  MCLGs.  The  MCLs  are  enforceable  standards  that  take 
into  consideration  human  health  effects,  available  treatment  technologies,  and  costs  of 
treatment.  MCLGs  are  specifically  health-based  standards  that  disregard  cost  or  treatment 
feasibility  and  are  not  legally  enforceable.  MCLs  are  legally  applicable  to  water  “at  the 
tap,”  but  are  not  legally  applicable  to  cleanup  of  ground  water.  However,  they  may  be 
considered  as  relevant  and  appropriate  at  UMDA  where  ground  water  is  currently  used  as 
drinking  water. 


RCB.67062-43.OU3.12/93 


2-10 


2.0  Identification  and  Screening  of  Technoiogies 


Seven  Target  Analyte  List  (TAL)  inorganic  contaminants  present  at  Umatilla  Site  4  have 
promulgated  or  proposed  MCLs/MCLGs  set  by  EPA.  These  values  will  be  considered 
relevant  and  appropriate  for  cleanup  of  these  contaminants  in  ground  water.  They  are 
listed  in  Table  2-3  with  all  ARARs  and  other  remedial  goals  for  the  site. 

Resource  Conservation  and  Recovery  Act 

In  addition  to  SDWA  MCLs  and  MCLGs,  another  potential  set  of  ARARs  are  found  in 
the  regulations  promulgated  under  the  Resource  Conservation  and  Recovery  Act 
(RCRA).  Under  RCRA,  a  small  number  of  chemical-specific  standards  were  established 
for  releases  from  solid  waste  management  units.  Concentration  limits  for  14  toxic 
compounds,  found  in  40  CFR  264.94,  are  known  as  RCRA  maximum  concentration 
limits,  or  RCRA  MCLs.  These  standards  have  been  adopted  as  part  of  RCRA  ground 
water  protection  standards.  The  RCRA  MCLs  apply  to  regulated  units  subject  to 
permitting  (landfills,  surface  impoundments,  waste  piles,  and  land  treatment  units)  that 
received  RCRA  hazardous  waste  after  July  26, 1982.  If  a  comparison  of  indicator 
concentrations  from  background  and  downgradient  wells  shows  a  statistically  significant 
increase,  a  ground  water  protection  standard  is  established  for  all  hazardous  constituents. 
The  baseline  protection  standard  is  the  background  level  of  the  constituent,  or  one  of  the 
14  RCRA  MCLs,  whichever  is  higher.  Many  of  these  ground  water  protection  standards 
are  equal  to  MCLs  established  under  the  SDWA.  Since  the  ground  water  at  Site  4  is 
currently  used  as  a  source  of  drinking  water,  the  RCRA  MCLs  are  considered  relevant 
but  not  appropriate,  and  the  SDWA  MCLs/MCLGs  should  be  considered  as  the  relevant 
and  appropriate  cleanup  standard. 

State  ARARs  -  Ground  Water 

Oregon  Water  Cleanup  Standards.  The  Oregon  Hazardous  Substance  Remedial  Action 
Rules  (Oregon  Administrative  Rules  [OAR],  Chapter  340,  Division  122)  provides  a 
process  for  determining  contaminant  cleanup  levels  on  a  site-specific  basis.  The  Oregon 
Department  of  Environmental  Quality  (ODEQ)  has  indicated  that  this  process  should  be 
considered  an  ARAR.  The  process  is  implemented  as  follows: 

•  In  the  event  of  a  release  of  a  hazardous  substance,  the  environment  shall  be  restored 
to  background  level  (i.e.,  the  concentration  naturally  occurring  prior  to  any  release 
from  the  facility)  [OAR  340-122-040(2)(a)]. 

•  When  attaining  background  level  is  not  feasible,  the  acceptable  cleanup  level  in 
ground  water  shall  be  the  lowest  concentration  level  that  satisfies  both  the 
"protection"  and  "feasibility"  requirements  in  OAR  340-122-090(1).  The  party 
responsible  for  the  contaminated  site  is  responsible  for  demonstrating  the  non¬ 
feasibility  of  attaining  background  level. 
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Of  the  seven  specific  types  of  explosive  contaminants  of  concern  at  Site  4,  all  are 
considered  not  naturally  occurring.  Therefore,  the  background  concentration  would  be 
essentially  zero  or,  for  practical  purposes,  below  detection  limits.  If  a  remedial 
alternative  proposed  in  this  FS  cannot  achieve  background  or  below  detection  limits,  a 
risk  assessment  approach  must  be  used  to  demonstrate  that  the  action  achieves  the  lowest 
cleanup  level  that  protects  human  health  and  the  environment,  using  the  criteria  set  forth 
in  OAR  340-122-090. 

In  addition  to  these  requirements,  Oregon’s  state  goal  (ORS  468B.155)  to  “prevent 
contamination  of  (its)  ground  water  resource  while  striving  to  conserve  and  restore  this 
resource  and  to  maintain  the  high  quality  of  Oregon’s  groundwater  resource  for  present 
and  future  users”  will  be  included  as  a  TBC  criteria. 

Oregon  Safe  Drinking  Water  Regulations.  The  State  of  Oregon,  through  the  Oregon 
Drinking  Water  Regulations  (OAR  Chapter  333,  Division  61)  implements  the  Oregon 
Drinking  Water  Quality  Act  of  1981.  These  rules  set  forth  maximum  contaminant  levels 
for  organic  and  inorganic  chemicals  drinking  water.  Like  the  federal  SDWA  MCLs,  the 
state  MCLs  are  not  legally  applicable  to  cleanup  of  ground  water.  However,  they  should 
be  considered  as  relevant  and  appropriate  standards  for  the  cleanup  of  contaminated 
ground  water  at  UMDA  where  the  ground  water  is  used  for  domestic  water  supply.  The 
state  drinking  water  chemical-specific  ARARs  for  the  cleanup  of  contaminated  ground 
water  at  UMDA  are  listed  in  Table  2-3. 

State  ARARs 

Oregon  Ground  Water  Quality  Protection  Regulations.  The  Oregon  Ground  Water 
Quality  Protection  Regulations  (OAR  340-40)  estabhsh  that  it  is  the  state's  policy  to 
protect  all  ground  waters  "from  pollution  that  could  impair  existing  or  potential  beneficial 
uses  for  which  the  natural  water  quality  of  the  ground  water  is  adequate"  and  to  maintain 
and  reserve  the  highest  possible  water  quality.  The  Numerical  Groundwater  Quality 
Reference  Levels  and  Guidance  Levels  OAR  340-40-080  are  used  by  the  Department  of 
Environmental  Quality  (DEQ)  in  determining  the  level  of  remedial  action  necessary  to 
restore  contaminated  ground  water  for  human  consumption.  The  Numerical  Groundwater 
Quality  Reference  and  Guidance  Levels  for  arsenic,  chromium,  copper,  lead,  and  zinc  are 
identical  to  the  Oregon  and  federal  drinking  water  MCLs  and  therefore  would  be  relevant 
and  appropriate  for  remedial  action  concentration  limits  for  Umatilla. 

Umatilla  is  located  in  the  Lower  Umatilla  Basin,  which  is  a  state-designated  ground  water 
management  area.  Such  areas  are  required  to  comply  with  the  interim  standards  for 
maximum  measurable  levels  of  contaminants  in  ground  water  set  forth  in  OAR  340-30- 
090.  These  standards  are  also  identical  to  the  federal  and  Oregon  drinking  water  MCLs 
for  arsenic,  chromium,  and  lead.  The  Oregon  Groundwater  Quality  Protection  chemical- 
specific  ARARs  are  in  Table  2-3. 
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Table  2-3:  Chemical-Specific  ARARs  and  Remedial  Goals  for  Cleanup  of  Contaminated  Gro 


Chemical-Specific  ARARs 


Contaminant  of 
Concern  from  RA 

SDWA 

MCL/MCLG  (a) 
(mg/L) 

Proposed  SDWA 
MCUMCLG 
(mg/L) 

Oregon  Drinking 
Water  Regulations 
MCL  (f) 

(mg/L) 

Oregon  Numerical 
Ground  Water 

Quality  Reference 
Levels  (h) 

(mg/L) 

TAL  Inorganics: 
Antimony 

0.006/0.006  (b) 

-/-(c) 

Arsenic 

0.D5/- 

-/- 

0.05 

0.05  (i) 

Beryllium 

0,004/0.004  (b) 

-/-(d) 

- 

- 

Chromium 

0.1/D.0I 

-/- 

0.05 

0.05  (i) 

Copper 

-/1.3(0 

-/- 

1(g) 

LOG) 

Lead 

D.015  (c)/q 

-/- 

0.05 

0.05  (i) 

Nickel 

0,1AI 

-/- 

- 

- 

Sodium 

-/- 

-/- 

- 

- 

Vanadium 

-/- 

-/- 

- 

- 

Zinc 

-/- 

-/- 

5.o{^:;K 

5.0  G) 

Explosives: 

1,3.5-TNB 

-/- 

-/- 

- 

- 

1.3-DNB 

-/- 

-/- 

- 

“ 

2,4,6-TNT 

-/- 

- 

- 

2,4-DNT 

-/- 

- 

- 

2.6-DNT 

-/- 

- 

- 

HMX 

_/- 

- 

- 

RDX 

-/- 

- 

- 

NB 

-/- 

- 

- 

Tetryl 

-/- 

-/- 

- 

Other  Inorganics: 

Nitrate/Nitritc 

10 

-/- 

“ 

10 

TCL  VolatUes: 

Trichloroediylene 

O.OOSA 

-/- 

- 

- 

Notes: 

Shaded  concentration  indicates  that  it  was  selected  as  the  cleanup  level  (sec  Section  2.1.5  for  how  these  cleanup  levels  were  selcc: 

(a)  Safe  Drinking  Water  Act  (SDWA)  National  Primary  Drinking  Water  Regulations  (40  CFR  141). 

(b)  The  effective  dale  is  January  17,  1994. 

(c)  The  proposed  MCL/MCLG  was  0.01  or  0.005A).003. 

(d)  The  proposed  MCL/MCLG  was  0.001/0. 

(e)  Action  level  for  treatment  techniques  (40  CPR  141.80). 

(0  OAR  333-61. 

(g)  Contaminant  level  for  secondary  contaminants  (reasonable  goals). 

(h)  Oregon  Groundwater  Quality  l^olcclion  Regulations  (OAR  340-40-080). 

(i)  Reference  level. 

(j)  Guidance  level. 

(k)  Interim  Standards  for  Maximum  Measurable  Ixivcls  of  Contaminants  in  Ground  Water  (OAR  340-40-090). 

(l)  Based  on  achieving  a  residential  111  of  1. 

(m)  Based  on  achieving  a  residential  carcinogenic  risk  ol  1  x  l()I*.-6. 

(n)  Based  on  highest  value  found  in  Non-Source  Area  Wells  (Section  14.0  ol  the  Rl). 

(o)  'I'hc  explosive  compciunds  arc  not  found  in  nature  iherclorc  lor  qiianliuition  puqK)ses  Ixickgrounii  has  lx.-eii  set  to  the  CRL. 

(p)  Armv  Certified  Reporting  lamit. 

Source:  Arthur  D.  Little,  Inc. 


laminated  Ground  Water  (mg/L) 


1  Numerical 
ind  Water 
i  Reference 
vels  (h) 
mq/L) 

Oregon  Maximum 
Measurable  Levels  (k) 
(mg/L) 

Lifetime  Adult 
Health 
Advisory 
(mg/L) 

Risk-Based 

(mg/L) 

Remedial  Goals 

Background 

("^g^u _ 

CRLs  (p) 
(mg/L) 

0.003 

0.02  0) 

0  008 

0.003 

).05  (i) 

0.05 

0.05 

0.00005  (m) 

0.015 

0.00025 

0.00002  (m) 

- 

0.005 

1.05  ;i) 

0.05 

0.1 

0.18  0) 

0.006 

0.006 

1.0  ; 

- 

1.0(e)/1.35  0) 

0.015 

0.0081 

>.05;;, 

0.05 

- 

- 

0.013 

0.00126 

_ 

0.1 

0.73  0) 

- 

0.0343 

_ 

_ 

- 

100  C  " 

0.5 

— 

0.02 

5  5  0.26:0).  :  / 

0.1 

0.00382 

5.0  (j) 

- 

2 

5.0  (e)/7.3  0) 

0.04 

0.021 1 

0.018  0) 

-(o) 

0.000626 

_ 

_ 

0.001 

0.0(>!0) 

-(o) 

0.000519 

- 

0.002 

0.002n  (m) 

-(0) 

0.000588 

— 

— 

- 

0.000:  (m) 

-(o) 

0.000612 

- 

- 

0.000  i  sm) 

-(0) 

0.00115 

_ 

0.4 

1.82  <■) 

-(o) 

0.00165 

... 

0.002 
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Other  Guidance  to  Be  Considered 

National  Secondary  Drinking  Water  Standards.  Also  promulgated  under  the  SDWA  are 
the  National  Secondary  Drinking  Water  Standards.  These  regulations  control 
contaminants  in  drinking  water  that  primarily  affect  the  aesthetic  qualities  relating  to  the 
public  acceptance  of  drinking  water.  At  considerably  higher  concentrations  of  these 
contaminants,  health  implications  can  also  exist  as  well  as  aesthetic  degradation.  These 
regulations  are  not  federally  enforceable,  but  are  intended  as  guidelines  for  the  states. 

Copper  and  zinc,  potential  contaminants  of  concern  at  Site  4,  have  secondary  maximum 
contaminant  levels  (SMCLs)  listed  in  40  CFR  143.  SMCLs  are  "to  be  considered"  (TBC) 
guidance  for  cleanup  of  contaminated  ground  water  since  the  ground  water  is  a  source  of 
drinking  water. 

Risk-Based  Remedial  Goals 

In  the  absence  of  ARARs,  risk-based  remedial  goals  may  be  used  based  on  ERA  risk 
assessment  guidance.  Risk-based  cleanup  criteria  were  calculated  for  ground  water  at  Site 
4.  The  ground  water  cleanup  concentrations  are  presented  in  Table  2-3.  The  cleanup 
criteria  is  the  concentration  of  each  compound  present  in  any  media  that  does  not  pose  a 
carcinogenic  risk  greater  than  10-6  or  a  hazard  index  greater  than  1  for  all  applicable 
exposure  scenarios.  It  must  be  kept  in  mind  that  these  criteria  depend  upon  the  Site  4 
exposure  scenario  and  are  therefore  not  applicable  at  other  sites. 

Carcinogenic  and  non-carcinogenic  risks  are  calculated  by  initially  calculating  an 
exposure  factor  (E).  The  exposure  factors  for  each  media  are  given  by: 

Ground  Water  Ingestion: 

E  (L/kg/day)  =  IGR  x  BAF  x  EF  x  ED 

BW  X  AP  X  365  days/yr  (eq.  2. 1.3-1) 

where:  AP  =  averaging  period  (years) 

BAF  =  bioavailability  factor  (unitless) 

BW  =  body  weight  (kg) 

ED  =  exposure  duration  (years) 

EF  =  exposure  frequency  (days/year) 

IGR  =  ingestion  rate  (L/day  for  water,  or  mg/day  for  soil) 

Ground  Water  Dermal  Contact: 

E  (kg/kg/day)  =  DR  x  SA  x  ABS  x  EF  x  ED  x  (10-6)  kg/mg 

BW  X  AP  X  365  days/yr 

(eq.  2. 1.3-2) 
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where:  DR  =  deposition  rate  (mg/sq.  cm.) 

S  A  =  skin  surface  area  per  time  (sq.  cm/day) 

ABS  =  absorption  factor  (fraction) 

Once  an  exposure  factor  has  been  determined  for  each  medium  the  average  daily  dose 
(ADD)  is  calculated  by  multiplying  the  exposure  concentration  (C)  by  the  exposure  factor: 

ADD(mg/kg/day)  =  C  x  E  (eq.  2. 1.3-3) 

The  non-carcinogenic  hazard  index  (HI)  is  then  calculated  by  dividing  the  ADD  by  the 
chemical  reference  dose  (RfD): 

HI  =  ADD/RfD  (eq.  2. 1.3-4) 

The  incremental  risk  (IR)  associated  with  cancer  is  calculated  by  multiplying  the  ADD  by 
the  chemical  cancer  potency  factor  (CPF): 

IR  =  ADD  X  CPF  (eq.  2. 1.3-5) 

Using  these  equations  the  concentrations  (C)  associated  with  a  hazard  index  of  1,  and  a 
carcinogenic  risk  of  10-6  are  respectively  given  by: 

C  =  (HIxRfD)/E  (eq.  2. 1.3-6) 

C  =  IR/(E  X  CPF)  (eq.  2. 1.3-7) 

The  sum  of  the  two  exposure  factors  for  the  media  was  used  in  each  calculation.  The 
exposure  factors  used  are: 

Non-carcinogenic  Carcinogenic 

Groundwater  6.4x10-2  9.4x10-3 

The  RfDs  and  CPFs  are  chemical  specific.  For  details  regarding  their  values  and  any 
additional  risk  calculations  refer  to  the  Human  Health  Baseline  Risk  Assessment  (Dames 
&  Moore,  1992b). 

2.1. 3.2  Location-Specific  ARARs.  Location- specific  ARARs  set  restrictions  on 
remedial  action  activities  depending  upon  the  characteristics  of  a  site  and/or  its  immediate 
environs.  These  ARARs  are  contained  in  a  number  of  federal  statutes  and  regulations.  In 
addition,  the  state  of  Oregon  has  requirements  that  may  apply  in  a  given  situation.  The 
information  regarding  the  characteristics  of  UMDA  was  obtained  from  the  RI  Report 
(Dames  &  Moore,  1992a).  Table  2-4  lists  the  regulations  that  may  be  considered  ARARs 
for  UMDA. 
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Table  2-4:  Selected  Location-Specific  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs) 
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Clean  Water  Act  §404(b)(l)  Applicable  Provides  for  the  enhancement,  Unavoidable  adverse  impacts  on 

restoration,  or  creation  of  wetlands, 

alternate  wetlands. 


Table  2-4:  Selected  Location-Specific  Applicabie  or  Reievant  and  Appropriate  Requirements  (ARARs) 
(continued) 
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In  addition  to  the  ARARs  discussed  in  each  of  the  following  sections,  consideration 
should  also  be  given  to  the  local  planning  requisites  in  both  Morrow  and  Umatilla 
Counties.  Oregon  law  mandates  that  each  county  and  community  develop,  and  have 
approved  by  the  state,  a  comprehensive  land  use  plan  which  must  take  into  consideration 
many  of  the  same  concerns  addressed  in  this  discussion.  Consultation  with  the 
appropriate  county  officials  and  cognizance  of  their  land  use  plans  and  goals  would  no 
doubt  increase  the  efficacy  of  any  actions  proposed  or  taken  at  UMDA. 

Caves,  Salt-dome  Formations,  Salt-bed  Formations,  and  Underground  Mines 

These  formulations  often  trigger  restrictions  in  locating  new  constmction  such  as  landfills 
and  incinerators.  The  bedrock  under  UMDA  and  the  surrounding  area  consists  of  basalt 
laid  down  by  lava  flows  during  the  Miocene  Period.  This  is  capped  by  a  mixture  of 
Pleistocene  alluvial  deposits,  including  clays,  sands,  silts,  gravels,  and  some  boulders. 
There  are  sedimentary  interbeds  between  the  lava  flows  and  this  type  of  rock  also  has 
tunnels  and  occasionally  “lava  holes.”  However,  there  are  no  indications  of  caves,  salt- 
dome  formations,  salt  bed  formations  or  underground  mines  on  the  site,  nor  would  such 
features  normally  be  expected  with  a  structural  bedrock  of  basaltic  lava  flows.  Thus  no 
ARARs  were  triggered  for  this  category. 

Faults 

UMDA  is  surrounded  by  four  structural  features:  the  Service  Anticline  on  the  east,  an 
anticline  on  the  west,  the  Dalles-Umatilla  Synchne  to  the  north,  and  a  monocline  to  the 
south.  This  Service  Anticline  runs  north  to  south  and  is  faulted  on  both  its  east  and 
west  limbs.  There  are  active  Holocene  faults  approximately  50  to  80  miles  north  of  the 
site,  near  the  Hanford  Nuclear  Reservation  in  Washington  State.  There  is  also  a 
suspected  active  Holocene  fault  approximately  70  miles  southeast  of  the  depot  near 
LeGrand,  Oregon.  However,  none  of  the  faulting  associated  with  the  Service  Anticline  is 
documented  or  believed  to  have  been  displaced  during  the  Holocene  period,  nor  is  it 
considered  active. 

Because  of  the  surrounding  area's  history  of  low  seismicity,  UMDA  activities  would 
comply  with  the  RCRA  seismic  requirements  of  40  CFR  §  264.18  since  CFR  §264. 18 (a) 
stipulates  that  all  facilities  that  are  located  within  political  jurisdictions  other  than  those 
listed  in  Appendix  VI  are  assumed  to  be  in  compliance  for  location  of  new  treatment, 
storage,  or  disposal  (TSD)  facilities.  Oregon  is  not  listed  in  the  Appendix. 

Wilderness  Areas,  Wildlife  Refuges,  and  Scenic  Rivers 

There  are  no  designated  wilderness  areas  within  UMDA,  or  in  its  immediate  vicinity. 
Neither  the  Columbia  River  nor  the  Umatilla  River,  both  of  which  lie  within  3  miles  of 
the  depot,  have  been  designated  as  scenic  rivers.  There  are,  however,  three  wildlife 
refuges  in  very  close  proximity  to  the  depot:  Cold  Spring  National  Wildlife  Refuge  at  15 
miles,  Umatilla  National  Wildlife  Refuge  at  8  miles,  and  Irrigon  State  Wildlife  Refuge  at 
2  miles.  The  latter  of  these  refuges,  Irrigon,  is  protected  under  state  law  and  is  considered 
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a  sensitive  environment.  It  is  one  of  the  primary  wetlands  in  this  region  and  supports  a 
major  waterfowl  wintering  habitat. 

There  would  be  no  ARARs  triggered  for  on-site  actions  because  the  UMDA  itself  is  not 
located  within  a  refuge.  However,  the  proximity  of  Irrigon  State  Wildlife  Refuge  (2 
miles)  and  its  potential  hydrological  connection  to  UMDA  cautions  careful  analysis  of  any 
actions  that  might  impact  that  system. 

Wetland  and  Floodplains 

The  Columbia  River  is  largely  dam  controlled,  thus,  eliminating  most  concerns  with 
flooding  hazards.  Information  available  indicates  that  UMDA  is  not  located  within  100- 
or  500-year  floodplains  and,  therefore,  no  ARARs  were  triggered  for  this  category 
(ORNL,  1991). 

There  are  a  number  of  wetlands  in  the  immediate  area  of  UMDA,  to  the  east,  west,  and 
south.  Those  associated  with  the  Umatilla  River  on  the  east  come  within  at  least  one  mile 
of  the  site.  Additionally,  the  wetlands  located  near  the  northwest  comer  of  the  depot 
extend  to  the  boundary  of  the  UMDA.  Wetlands  located  to  the  west  of  UMDA  are 
associated  with  Irrigon  State  Wildlife  Refuge  and  those  to  the  south  are  2.5  to  3.5  miles 
from  the  depot.  Since  none  of  the  identified  wetlands  are  within  the  boundaries  of  Site  4 
or  UMDA,  wetland  requirements  are  not  considered  to  be  ARARs. 

Rare,  Threatened,  or  Endangered  Species 

The  UMDA  installation  is  part  of  the  critical  winter  range  of  both  the  bald  eagle 
(Haliaeetus  leucocephalus)  and  the  golden  eagle  {Aquila  chrystaetos).  The  peregrine 
falcon  (Falco  peregrinus),  another  federally  endangered  species,  has  been  sighted  in  the 
vicinity  of  UMDA,  and  the  installation  is  considered  part  of  its  critical  habitat.  One  of 
three  small  habitats  along  the  Columbia  River  where  the  long-billed  curlew  {Numenius 
Americanus)  still  breeds  is  located  on  the  installation.  The  species  is  on  the  federal 
“Candidate”  list.  No  federal  or  state  threatened  or  endangered  plants  have  been  identified 
at  UMDA. 

Any  action  that  would  affect  any  endangered  or  threatened  species,  or  adversely  impact  a 
species’  critical  habitat,  would  be  subject  to  the  ARARs  outlined  in  Table  2-4.  There  are 
no  additional  state  threatened  or  endangered  species  known  to  inhabit  UMDA. 

Artifacts  and  Historical  and  Archeological  Sites 

There  are  two  known  historic  buildings  at  UMDA,  the  headquarters  building  and  the 
firehouse  building.  There  are  also  two  potential  archeological  resources  at  UMDA  that 
have  been  tentatively  identified  as  a  portion  of  the  Oregon  Trail  and  a  prehistoric  site. 

These  sites  are  not  within  the  boundaries  of  Site  4  and  none  of  the  activities  at  Site  4  will 
affect  these  locations;  therefore,  these  regulations  are  not  considered  to  be  ARARs. 
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2.1. 3.3  Action-Specific  ARARs.  Action-specific  ARARs  (Table  2-5)  are  usually 
technology-  or  activity-based  requirements  or  limitations  on  actions  taken  with  respect  to 
hazardous  wastes.  These  requirements  are  triggered  by  the  particular  remedial  activities 
that  are  selected  to  accomplish  a  remedy.  On-site  CERCLA  response  actions  must  only 
comply  with  the  substantive  requirements  of  regulations,  and  not  the  administrative 
requirements  [CERCLA  §121(e)].  Sinee  the  UMDA  Federal  Facility  Agreement  defines 
the  UMDA  installation  as  the  Site,  none  of  the  permitting  or  other  administrative 
requirements  of  RCRA,  the  Clean  Air  Act  (CAA),  etc.,  are  considered  as  ARARs. 

For  the  remedial  alternatives  (UV/oxidation  and  carbon  adsorption)  considered  for  the 
cleanup  of  the  ground  water  at  the  Explosive  Washout  Lagoon  only  those  regulations 
concerning  the  discharge  to  ground  water  and  the  transportation  of  hazardous  waste  off 
site  are  considered  ARARs.  None  of  the  alternatives  have  air  discharges. 

Water  Discharges 

The  Clean  Water  Act  (CWA)  has  distinct  regulatory  feamres  that  include  site-specifie 
pollutant  limitations  and  performance  standards  that  are  applied  primarily  for  protection  of 
surface  water  quality.  The  CWA  does  not  have  specific  technology  design  and  operating 
requirements  that  can  be  linked  to  specific  remedial  technologies.  However,  some 
remedial  actions  at  Site  4  will  result  in  discharges  to  surface  and/or  ground  water,  and 
thus  will  have  to  comply  with  certain  provisions  of  the  CWA. 

Federal  ARARs 

CERCLA  §121  states  that  hazardous  substances,  pollutants,  or  contaminants  left  on  site 
at  the  conclusion  of  the  remedial  action  shall  attain  federal  water  quality  criteria  where 
they  are  relevant  and  appropriate  under  the  circumstances  of  a  release  or  threatened 
release.  This  determination  is  to  be  based  on  the  designated  or  potential  use  of  the 
receiving  water,  the  media  affected,  the  purposes  of  the  criteria,  and  current  information. 
Thus,  for  any  discharge  to  waters  designated  as  a  public  water  supply  (such  as  the 
ground  water  at  Site  4)  resulting  from  any  remedial  action,  the  federal  drinking  water 
standards  in  40  CFR  141  would  be  relevant  and  appropriate.  Water  quality  criteria  as 
stand-alone  criteria  are  not  relevant  and  appropriate  in  selecting  cleanup  levels  in  ground 
water,  since  consumption  of  contaminated  fish  is  not  a  concern.  However,  a  water 
quality  criteria  adjusted  to  reflect  only  exposure  from  drinking  the  water  may  be  useful  in 
selecting  a  cleanup  level. 

Although  a  permit  is  not  required  for  any  on-site  discharges  to  water,  any  discharge  of 
treated  water  resulting  from  a  remedial  action  must  still  meet  the  intent  of  the  federal 
standards,  which  means  the  discharged  effluent  must  be  monitored  to  ensure  compliance 
with  the  MCLs. 
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Table  2-5:  Site  4  Action-Specific  ARARs,  Umatilla  Washout  Lagoons  Ground  Water  (continued) 
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Table  2-5:  Site  4  Action-Specific  ARARs,  Umatilla  Washout  Lagoons  Ground  Water  (continued) 
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Table  2-5:  Site  4  Action-Specific  ARARs,  Umatilla  Washout  Lagoons  Ground  Water  (continued) 
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State  ARAR  -  Oregon  Water  Cieanup  Standards 

The  Oregon  Hazardous  Waste  Remedial  Action  Act  provides  a  process  for  determining 
contaminant  cleanup  levels  on  a  site-specific  basis.  The  Oregon  Department  of 
Environmental  Quality  (ODEQ)  has  indicated  that  this  process  should  be  considered  an 
ARAR.  The  process  is  implemented  as  follows: 

•  In  the  event  of  a  release  of  a  hazardous  substance,  the  environment  shall  be  restored 
to  background  level  (i.e.,  the  concentration  naturally  occurring  prior  to  any  release 
from  the  facility)  [OAR  340- 1 22-040(2)(a)] . 

•  When  attaining  background  level  is  not  feasible,  the  acceptable  cleanup  level  in 
ground  water  shall  be  the  lowest  concentration  level  that  satisfies  both  the 
"protection"  and  "feasibility"  requirements  in  OAR  340-122-090(1).  The  party 
responsible  for  the  contaminated  site  is  responsible  for  demonstrating  the  non¬ 
feasibility  of  attaining  background  level. 

([)f  the  six  specific  types  of  explosive  contaminants  of  concern  at  Site  4,  all  are  obviously 
considered  to  be  not  naturally  occurring.  Therefore,  the  background  concentration  would 
be  essentially  zero  or,  for  practical  purposes,  below  detection  limits.  If  a  remedial 
alternative  proposed  in  this  FS  cannot  achieve  background  or  below  detection  limits,  a 
risk  assessment  approach  must  be  used  to  demonstrate  that  the  action  achieves  the  lowest 
cleanup  level  that  protects  human  health  and  the  environment. 

State  ARAR  -  Oregon  Water  Quality  Standards 

State  policy  for  the  management  of  the  quality  of  pubhc  waters  is  set  forth  in  OAR 
Chapter  340,  Division  41  -  Oregon  Water  Quality  Standards.  These  rules  establish  water 
quality  standards  for  the  various  river  basins  in  Oregon.  Umatilla  Basin  water  quality 
standards  are  found  in  OAR  340-41-645.  With  regard  to  toxic  substances,  any  remedial 
action  will  have  to  be  designed  so  as  to  not  introduce  toxic  substances  above  natural 
background  levels  in  amounts,  concentrations,  or  combinations  that  may  be  harmful  or 
may  bioaccumulate  to  levels  that  adversely  affect  public  health  or  safety,  the  environment, 
or  other  designated  uses.  However,  the  ERA  Water  Quality  Criteria,  set  forth  in  Table  20 
of  the  (Dregon  Water  Quality  Criteria,  does  not  set  limits  for  any  of  the  contaminants  of 
concern  at  Site  4. 

State  ARAR  -  Underground  Injection 

OAR  Chapter  340,  Division  44  is  also  an  applicable  ARAR  for  discharges  to  ground 
water  at  Site  4.  These  regulations  will  influence  the  location,  construction,  and  use  of  any 
underground  injection  wells  so  as  to  prevent  contamination  of  the  underground  sources 
of  drinking  water.  Specifically,  OAR  340-44-01 5 (4) (d)  specifies  that  underground 
injection  activities  that  allow  the  movement  of  fluids  into  an  underground  source  of 
drinking  water  (e.g.,  the  ground  water  at  Site  4)  may  not  violate  any  SDWA  MCLs.  If 
the  water  is  reinjected  within  the  capture  zone,  Oregon  DEQ  may  waive  the  requirement 
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for  compliance  with  MCL.  However,  Oregon  DEQ  has  stated  that  they  may  not  approve 
the  reinjection  of  water  contaminated  above  background  levels  outside  of  the  capture 
zone,  at  Site  4. 

Hazardous  Waste 

CERCLA  §  121  establishes  a  preference  for  remedial  actions  involving  treatment  that 
permanently  and  significantly  reduce  the  volume,  toxicity,  or  mobility  of  the  hazardous 
substances,  pollutants,  and  contaminants  at  the  site.  RCRA  requirements  for  treatment  of 
hazardous  wastes  apply  at  a  CERCLA  site  only  if  the  waste  is  a  RCRA  listed  or 
characteristic  waste  and  the  CERCLA  activity  constitutes  treatment  of  RCRA  hazardous 
waste,  as  defined  under  RCRA. 

As  discussed  for  the  Washout  Lagoons  soils  (CH2M  Hill,  1992)  the  lagoons  soils  are  not 
a  listed  or  characteristic  hazardous  waste.  Because  of  this  and  also  because  ground  water 
is  not  considered  a  waste,  the  Site  4  ground  water  is  not  a  RCRA  hazardous  waste. 

Treatment  residuals  from  the  ground  water  remediation  (e.g.,  carbon  from  adsorption 
systems)  would  not  be  considered  a  hazardous  waste  as  long  as  they  do  not  exhibit 
hazardous  characteristics.  Specifically,  the  spent  GAC  would  not  be  a  RCRA  hazardous 
waste  as  long  as  the  total  explosive  concentration  is  below  10%  and  the  GAC  passes  the 
TCLPforDNT. 

Transportation 

RCRA  hazardous  wastes  transported  off  the  sitewould  be  subject  to  the  full  RCRA 
requirements,  as  applicable.  RCRA  hazardous  wastes  and  waste  residues  shipped  off  site 
must  be  packaged,  labeled,  and  transported  in  accordance  with  the  requirements  of  40 
CFR  262.32  and  49  CFR  172.  Transporters  must  comply  with  the  requirements  of  40 
CFR  263.  These  regulations  are  applicable  ARARs  for  off-site  transport. 

Removal  of  Special  Restrictions  on  Land  Disposal 

Hazardous  waste  or  hazardous  waste  residue  may  be  subject  to  restrictions  on  land 
disposal  under  40  CFR  268.  Any  hazardous  waste  residue  resulting  from  any  remedial 
action  destined  for  off-site  land  isposal  must  meet  apphcable  treatability  standards  prior 
to  land  disposal  of  a  characteristic  waste  from  a  granular  activated  carbon  system. 

2.1.4  Remedial  Action  Objectives 

Under  CERCLA,  the  Army,  with  concurrence  with  EPA  and  DEQ,  must  undertake 
remedial  actions  that  are  protective  of  human  health  and  the  environment.  In  addition. 
Section  121  of  CERCLA  establishes  several  other  statutory  requirements  and 
preferences,  including: 
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•  A  requirement  that  the  remedial  action,  when  complete,  must  comply  with  all  federal 
and  more-stringent  state  environmental  standards,  requirements,  criteria,  or 
limitations,  unless  a  waiver  is  invoked. 

•  A  requirement  that  a  remedial  action  be  selected  that  is  cost  effective  and  that  utihzes 
permanent  solutions  and  alternative  treatment  technologies  or  resource  recovery 
technologies  to  the  maximum  extent  practicable. 

•  A  preference  for  remedies  in  which  treatment  that  permanently  and  significantly 
reduces  the  volume,  toxicity,  or  mobility  of  the  hazardous  substance  is  a  principal 
element. 

The  remedial  alternatives  developed  and  analyzed  in  this  FS  are  consistent  with  these 
Congressional  mandates. 

Based  on  the  preliminary  information  relating  to  types  of  contamination  and  media  of 
concern  and  potential  exposure  pathways,  remedial  action  objectives  were  developed  to 
aid  in  the  development  and  screening  of  alternatives.  These  remedial  action  objectives 
mitigate  existing  and  fumre  potential  threats  to  public  health  and  the  environment  from  the 
ground  water  under  the  Explosive  Washout  Lagoons.  The  objectives  are: 

•  Return  ground  water  to  its  beneficial  use. 

•  Prevent  ingestion  of  and  dermal  contact  with  ground  water  having  carcinogens  in 
excess  of  ARARs  and  a  total  excess  cancer  risk  (for  all  contaminants)  greater  than  the 
risk  range  of  10-4  to  10-6. 

•  Prevent  ingestion  of  and  dermal  contact  with  ground  water  having  non-carcinogens 
in  excess  of  ARARs  and  a  hazard  index  (for  all  contaminants)  greater  than  1  for  each 
compound. 

2.1.5  Preliminary  Remediation  Goals  for  Ground  Water 

Preliminaiy  remediation  ground  water  goals  were  established  for  the  seven  contaminants 
of  concern  (See  Table  2-6)  identified  in  the  HBRA  (Dames  &  Moore,  1992b)  that  were 
found  to  pose  an  unacceptable  risk  to  public  health.  These  goals  were  set  based  on  the 
ARARs,  the  risk-based  goals,  background  concentrations,  and  detection  limits. 

Because  the  ground  water  under  the  site  has  been  categorized  as  a  Class  I  aquifer,  MCLs 
and  non-zero  MCLGs  established  under  the  Safe  Drinking  Water  Act  are  ARARs. 
Preliminary  remedial  goals  for  known,  probable,  and  possible  carcinogenic  compounds 
(Classes  A,  B,  and  C  respectively)  were  established  to  protect  against  potential 
carcinogenic  effects  and  to  conform  with  the  ARARs.  Because  the  MCLGs  for  Class  A 
and  B  compounds  are  set  at  zero  and  are  thus  not  suitable  for  use  as  preliminary  remedial 
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Table  2-6:  Preliminary  Remediai  Goals  for  Ground  Water 


Carcinogenic 

Contaminants 

Preliminary 
Remediai  Goal 

Level  of 

Hazard 

of  Concern 

(ng/L) 

Basis 

Risk 

Index 

Explosives: 

1,3,5-TNB 

1.8(a) 

Risk-Based 

- 

1 

1,3-DNB 

4.0 

Risk-Based 

- 

1 

2,4,6-TNT 

2.8 

Risk-Based 

l.OE-06 

- 

2,4-DNT 

0.6 

CRL 

4.0E-06 

- 

2,6-DNT 

1.2 

CRL 

5.0E-06 

- 

RDX 

2.1 

CRL 

3.0E-06 

- 

Nitrite 

54,000 

Background 

- 

- 

Total  Excess  Risk 


1.3E-05  2 


Notes: 

(a)  Uncertainty  surrounds  the  toxicity  of  1,3,5-TNB.  The  Army  is  currently  performing  toxicity  studies 
on  1,3,5-TNB  and  the  PRG  may  be  revised  based  on  the  results  of  this  study  during  the  five-year  review. 
CRL  -  Certified  Reporting  Limit 


Source:  Arthur  D.  Little,  Inc. 
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goals,  MCLs  and  proposed  MCLs  were  selected  as  the  interim  cleanup  levels  for  these 
classes  of  compounds.  Because  the  MCLGs  for  the  Class  C  compounds  are  greater  than 
zero  and  can  readily  be  confirmed,  MCLGs  and  proposed  MCLGs  were  selected  as  the 
preliminary  remedial  goals  for  Class  C  compounds. 

fteliminary  remedial  goals  for  Class  D  and  E  compounds  (not  classified  and  with  no 
evidence  of  carcinogenicity)  were  established  to  protect  against  potential  non-carcinogenic 
effects  and  to  conform  with  the  ARARs.  Because  the  MCLGs  for  these  classes  are 
greater  than  zero  and  can  readily  be  confirmed,  MCLGs  and  proposed  MCLGs  were 
selected  as  the  preliminary  remedial  goals  for  Classes  D  and  E  compounds. 

In  situations  where  a  promulgated  Oregon  standard  is  more  stringent  than  values 
established  under  the  Safe  Drinking  Water  Act,  the  state  standard  was  used  as  the 
preliminary  remedial  goal.  In  the  absence  of  an  MCLG,  MCL,  proposed  MCLG, 
proposed  MCL,  state  standard,  or  other  suitable  criteria  to  be  considered  (e.g.,  health 
advisory,  state  guideline),  a  preliminary  remedial  goal  was  derived  for  each  compound 
having  carcinogenic  potential  (Classes  A,  B,  and  C  compounds)  based  on  a  10-6  excess 
cancer  risk  level  per  compound  considering  ingestion  of  ground  water  from  domestic 
water  usage. 

In  the  absence  of  the  above  standards  and  criteria,  preliminary  remedial  goals  for  all  other 
compounds  (Classes  D  and  E)  were  established  based  on  an  acceptable  level  to  which  the 
human  population,  including  sensitive  subgroups,  may  be  exposed  without  adverse  effect 
during  a  lifetime  or  part  of  a  lifetime.  This  incorporated  an  adequate  margin  of  safety 
(hazard  index  =  1)  considering  the  ingestion  of  ground  water.  If  a  value  described  by  any 
of  the  above  methods  was  not  capable  of  being  detected  with  good  precision  and 
accuracy,  then  the  practical  quantification  limit  was  used  as  appropriate  for  the 
preliminary  remedial  goal. 

Ground  water  pathways  other  than  ingestion  (dermal  adsorption  and  volatile  inhalation) 
were  evaluated  qualitatively  in  the  human  health  risk  assessment  and  found  not  to 
represent  a  significant  risk  to  human  health  in  comparison  to  the  risk  posed  by  ingestion 
(Section  2.1.2,  Exposure  Pathways).  Because  in  the  qualitative  analysis  the  other 
pathways  were  found  not  to  be  significant,  only  the  ingestion  pathway  was  used  to 
calculate  the  preliminary  remedial  goals  for  ground  water. 


2.2  General  Response  Actions 

This  section  describes  broad  categories  of  remedial  measures,  called  general  response 
actions,  that  could  be  used  to  achieve  the  remedial  action  objectives  described  in  Section 
2.1,  Remedial  Action  Objectives.  A  particular  general  response  action  might  be  able  to  be 
accomplished  by  any  of  several  technology  types.  In  turn,  a  single  technology  type  might 
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encompass  several  more  specific  methodologies  called  process  options.  For  example, 
“treatment”  would  be  a  general  response  action,  “thermal  treatment”  would  be  a 
technology  type,  and  “incineration”  or  “thermal  desorption”  would  be  two  examples  of 
process  options. 

The  following  general  response  actions  considered  alone  or  in  combination  could 
potentially  achieve  the  remedial  action  objectives: 

•  No  Action 

•  Institutional  Controls 

•  Containment 

•  Treatment,  In  Situ 

•  Treatment,  Ex  Situ 

The  NCP  requires  that  “No  Action”  be  included  among  the  general  response  actions 
evaluated  in  every  FS  [40  CFR  300.430(e)(6)].  No  Action  means  that  no  response  to 
contamination  is  made,  activities  previously  initiated  are  abandoned,  and  no  further  active 
human  intervention  occurs  to  limit  exposure  to  the  site.  However,  natural  attenuation  of 
the  contaminated  media  will  occur  over  time  through  dilution,  biological  degradation, 
and/or  abiotic  degradation.  The  No  Action  response  provides  a  baseline  for  comparison 
to  the  other  remedial  response  actions. 

Institutional  controls  include  measures  such  as  site  access  restrictions  (e.g.,  legal 
restrictions  and/or  fencing)  and  land  use  restrictions  (e.g.,  specifying  future  use  such  as 
residential,  or  light  industrial).  Although  potential  exposure  can  be  reduced  by  these 
means,  the  contaminated  media  are  not  directly  remediated.  As  with  the  No  Action 
scenario,  natural  recovery  of  contaminated  media  might  occur. 

Containment  actions  will  control  or  reduce  migration  of  the  contaminated  materials  into 
the  surrounding  environment.  They  might  also  isolate  the  contaminated  media  to  reduce 
the  possibility  of  exposure  by  direct  contact.  These  actions  may  involve  the  use  of 
physical  barriers  to  block  a  contaminant  migration  pathway. 

The  treatment  actions  may  include  the  use  of  biological,  physical-chemical,  or  thermal 
processes  to  significantly  reduce  the  toxicity,  solubility,  mobility,  or  volume  of  wastes. 

In  some  cases,  treatment  technologies  are  used  to  change  the  properties  of  the  waste  so  as 
to  limit  the  solubility  or  mobility  of  the  contaminants  or  to  prepare  the  waste  for  further 
treatment.  Many  treatment  options  will  generate  residuals  or  byproducts  that  must  be 
disposed  of  with  or  without  further  treatment.  The  residuals  or  byproducts  might  or 
might  not  be  hazardous. 
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2.3  Ground  Water  Modeling  and  Volume  Calculations 

In  order  to  satisfy  several  of  the  goals  of  the  FS  at  the  Umatilla  facility,  ground  water 
contaminant  transport  modeling  was  conducted.  Specifically,  the  subset  of  remedial 
feasibility  goals  examined  were: 

•  Determination  of  the  current  extent  of  contamination  and  concentration  gradients 

•  A  "No  Action"  scenario  to  determine  how  long  it  would  take  the  contaminant  plume 
to  naturally  attenuate  to  the  10^  and  10-6  risk  based  cleanup  criteria  for  the 
contaminants  of  concern 

•  Development  of  a  conceptual  remedial  extraction  system  for  cleaning  up  the 
contaminants  of  concern  to  the  10-4  and  10-6  risk  based  cleanup  criteria,  over  a 
period  of  approximately  10  and  30  years 

To  accomplish  these  goals,  a  ground  water  contaminant  transport  model  was  developed 
using  existing  field  data,  laboratory  data,  and  UMDA  facility  operational  records.  It 
should  be  noted  that  this  model  is  intended  to  provide  engineering  estimates  and 
qualitative  analysis  and  is  not  intended  to  be  used  to  prepare  the  remedial  design.  The 
remedial  design  effort  will  have  to  prepare  a  more  detailed  model  to  accurately  determine 
the  number  and  location  of  the  extraction  wells  and  location  of  the  infiltration  galley.  The 
model  prepared  for  the  FS  will  be  the  starting  point  of  the  remedial  design  activity  and  a 
meeting  will  be  held  with  the  personnel  responsible  for  the  remedial  design  to  transfer  the 
experience  developed  in  the  FS  and  the  FS  model  data  files. 

2.3.1  Conceptual  Model 

Starting  in  approximately  1955,  the  washout  lagoons  were  used  for  disposal  of 
wastewater  with  high  concentrations  of  explosive  compounds.  These  lagoons  received 
wastewater  from  the  Explosives  Washout  Plant  for  approximately  10  years  at  a  total  flow 
volume  of  approximately  85  million  gallons.  After  this  time,  the  lagoons  were  no  longer 
used;  and  the  lagoons  gradually  began  to  revegetate  and  dry. 

During  the  operational  period  of  the  lagoons,  the  wastewater  disposed  to  the  lagoons 
pooled  within  the  impoundments  and  partially  evaporated  and  infiltrated  into  the 
underlying  highly  permeable  soils.  The  explosive  compounds,  which  were  dissolved  in 
the  wastewater,  also  migrated  into  the  subsurface  along  with  the  wastewater.  After  the 
lagoon  stopped  receiving  wastewater,  rainwater  continued  to  provide  a  driving  force  for 
transporting  the  explosives  to  the  subsurface,  but  at  a  rate  3,600  times  lower  than  during 
the  wastewater  disposal  period.  This  estimate  is  based  on  a  comparison  between 
wastewater  disposal  rates  and  natural  recharge  due  to  precipitation  (Section  1.2. 1.2.6 
Meteorology). 
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The  lithology  and  geohydrology  of  the  Umatilla  site,  described  in  detail  in  the  RI  (Dames 
&  Moore,  1992a)  and  M  addendum  (Dames  &  Moore,  1993),  briefly  consists  of 
approximately  20  to  125  feet  of  unsaturated  alluvial  sands  and  gravels  underlain  by  about 
15  feet  of  saturated  clean  sands  and  gravels  that  grade  to  15  to  20  feet  of  silty  and  clayey 
sands  and  gravels  that  lie  on  the  Elephant  Mountain  Member  basalt  layer.  To  the  north  of 
the  Explosive  Washout  Lagoons,  the  saturated  aquifer  appears  to  become  more  silty  and 
clayey  whereas  to  the  south,  the  aquifer  is  composed  primarily  of  gravels.  The  long-term 
ground  water  monitoring  studies  indicate  that,  historically,  the  water  levels  fluctuate  in 
the  uppermost  aquifer  due  to  agricultural  pumping.  These  water  level  changes  cause 
ground  water  gradient  in  the  area  of  the  lagoons  to  vary  from  about  4  x  10^  to  2  x  10-3 
ft/ft  and  the  direction  to  vary  from  south/southeast  to  northwest. 

Since  the  upper  part  of  the  unconfmed  aquifer  (the  top  15  feet)  possesses  a  relatively  high 
hydraulic  conductivity  (i.e.,  about  20(X)  ft/day)  in  comparison  to  the  lower  stratigraphic 
unit  (i.e.,  about  0.1  ft/day),  the  contaminants  are  assumed,  for  the  most  part,  to  have 
been  restricted  to  the  upper  part  of  the  aquifer.  As  the  contaminants  traveled  through  the 
aquifer  they  have  undergone  dispersion,  adsorption  to  the  soil,  degradation,  and 
advection.  In  this  manner,  they  formed  the  contaminant  plume  that  spreads  within  the 
ground  water  aquifer. 

Beginning  in  about  1981,  several  geohydrologic  and  contaminant  studies  were  conducted 
at  UMDA  that  indicated  that  RDX,  2,4,6-TNT,  1,3,5-TNB,  1,3-DNB,  2,4-DNT,  and 
2,6-DNT  had  contaminated  the  unconfined  aquifer  and  that  RDX  and  2,4,6-TNT  had 
formed  distinct  contaminant  plumes.  The  other  explosive  contaminants  were  found  at 
significantly  lower  concentrations.  RDX  and  2,4,6-TNT  have  migrated  respectively  at 
least  3,000  feet  (MW  4-24)  and  1,500  feet  (MW  4-6)  downgradient  of  the  disposal 
lagoons.  The  migration  distances  were  calculated  based  on  the  distance  from  the  lagoons 
to  the  furthest  well  where  a  detection  of  the  contaminant  was  observed  (see  Figures  2-7 
and  2-8). 

Laboratory  partition  studies  (Dames  &  Moore,  1992a)  for  RDX  and  2,4,6-TNT  indicate 
that  these  compounds  have  partitioning  coefficients  in  ground  water  respectively  of  0.21 
and  1.0.  Assuming  a  bulk  density  (Dames  &  Moore,  1992a)  of  1.5  gm/cm3  and  an 
effective  porosity  of  0.2,  retardation  factors  of  2.6  and  8.5  for  RDX  and  TNT 
respectively  are  calculated.  This  indicates  that  the  contaminants  should  migrate  between 
about  two  and  nine  times  slower  than  unreactive  ground  water.  An  effective  porosity  of 
0.2  was  selected  based  on  studies  by  McWhorter  and  Sunda  (1977)  where  they  found  the 
arithmetic  average  for  specific  yield  or  effective  porosity  of  0.2  for  gravel  aquifers.  The 
effective  porosity  presented  in  the  RI  (0.45)  was  not  used  because  there  appears  to  be  a 
mistake  in  the  calculation,  and  the  effective  porosity  shown  in  the  RI  is  probably  the  total 
porosity. 
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Ground  water  and  soil  contaminant  studies  (Dames  &  Moore,  1992a)  have  also  shown 
that  other  contaminants  are  present  in  the  soil  and  ground  water  but  are  reasonably 
represented  by  the  chemical  properties  of  2,4,6-TNT  and  RDX.  These  two  explosives 
were  selected  because  they  are  present  in  the  highest  concentrations  and  represent  the 
most  mobil,  (RDX)  and  least  mobil,  (TNT)  contaminants. 

One  of  the  main  assumptions  of  the  ground  water  and  contaminant  transport  modeling  is 
that  a  complex  site  geology,  hydrology,  and  contaminant  scenario  can  be  simplified  and 
effectively  modeled.  The  effectiveness  of  the  modeling  effort  can  usually  be  determined 
based  on  the  calibration  of  the  model  and  the  data  quality  needs.  The  UMDA  site  poses  a 
difficult  challenge  to  modeling  because  of  a  number  of  factors,  including  the  unknown 
contaminant  source  loading  rate,  the  wide  variations  in  hydraulic  conductivity  over  very 
short  distances,  the  potential  for  interconnection  and  fracture  flow  across  several  geologic 
units,  the  scarcity  of  historical  water  level  measurements,  and  the  patchwork  of 
contaminant  concentration  data. 

In  order  to  manage  the  variability  and  complexity,  the  ground  water  model  was  conducted 
over  a  large  section  of  the  aquifer.  As  a  result,  the  model  averages  the  aquifer  features 
and  contaminant  data  in  order  to  generate  responsive  and  approximate  solutions.  In  this 
manner,  the  effect  of  individual  spatial  variations  is  minimized  without  compromising  the 
overall  accuracy  and  benefit  of  the  model.  In  addition,  recent  studies  (Dames  &  Moore, 
1993)  have  shown  that  the  gravel  aquifer  does  not  appear  to  have  a  significant  hydraulic 
connection  with  the  Rattlesnake  Ridge  Interbed.  This  is  evident  by  the  lack  of 
contamination  in  this  layer  and  the  wide  variation  in  piezometric  elevations  between  these 
two  units,  which  suggests  hydraulic  separation. 

2.3.2  Model  Development 

To  assess  the  contaminant  transport  environment  of  the  Umatilla  site,  a  two-dimensional 
contaminant  transport  model  was  developed.  By  developing  a  contaminant  transport 
model  of  the  site,  the  historical  movement  of  contaminants  at  the  site  was  simulated  and 
remedial  scenarios,  including  a  ground  water  extraction  system  and  a  "no  action" 
scenario,  were  tested.  The  site  area  is  relatively  large  and  the  available  site 
charaeterization  data  are  limited.  Based  on  this  limitation,  information  needs,  and  the 
known  complexity  of  the  ground  water  direction  and  gradient  situation,  the  model  does 
not  account  for  all  the  intricacies  of  the  site,  but  rather  focuses  on  the  broad,  average  site 
conditions.  Using  average  site  conditions  was  appropriate  for  this  model  because  its 
objective  was  to  develop  engineering  estimates  for  the  FS  and  qualitative  information 
fi-om  which  alternatives  could  be  developed  and  analyzed. 

The  model  selected  for  the  site  was  the  USGS's  Method  of  Characteristics  (MOC)  two- 
dimensional  contaminant  transport  model.  The  model  was  developed  more  than  10  years 
ago  and  has  been  applied  to  a  wide  number  of  contaminated  sites  with  success  and  is  one 
of  the  most  commonly  used  contaminant  transport  models.  The  model  is  two-dimensional 
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and  accounts  for  saturated  flow,  recharge,  well  pumping,  transient  conditions,  a  variety 
of  boundary  conditions,  contaminant  decay,  and  adsorption.  These  model  characteristics 
were  sufficient  to  meet  the  modeling  characterization  and  informational  output 
requirements.  The  base  case  model  set,  which  represents  the  best  estimate  of  the  UMDA 
site  conditions,  is  presented  in  the  following  paragraphs.  Table  2-7  lists  the  model  input 
parameters  for  the  various  scenarios.  A  sensitivity  analysis  was  conducted  for  the 
parameters  of  transmissivity,  ground  water  gradient,  dispersivity,  and  effective  porosity, 
and  these  results  are  presented  in  Section  2.3.4. 

Model  Grid 

The  model  grid  developed  for  the  site  consisted  of  an  inner  20  by  20  grid  for  contaminant 
transport  and  an  outer  40  by  40  grid  for  ground  water  flow.  The  model  dimensions  were 
expanded  to  a  20  by  30  inner  and  40  by  50  outer  dimension  for  some  contaminant 
transport  simulations.  The  smaller  of  the  model  grids  is  shown  in  Figure  2-1. 

Aquifer  Thickness 

The  layer  thickness  for  the  unconfined  alluvial  aquifer  was  assumed  to  be  a  constant  at  15 
feet  throughout  the  modeled  area.  Well  logs  from  the  RI  report  and  subsequent 
information  provided  in  the  Intermediate  Alluvial  Well  Installation  Report  (Dames  & 
Moore,  1993)  indicate  that  the  thickness  of  this  aquifer  varies  from  about  10  feet  to  30 
feet  and  averages  approximately  15-feet.  Due  to  the  relatively  uniform  thickness  of  the 
aquifer,  a  constant  thickness  was  used  rather  than  a  variable  thickness.  Further 
refinement  of  the  thickness  could  be  performed  in  the  design  phase. 

For  the  modeling  study,  the  assumption  was  made  that  the  unconfmed  aquifer  was 
limited  to  the  15  foot  alluvial  gravel  unit.  Only  the  alluvial  gravel  unit  (hydraulic 
conductivity  about  2,000  ft/day)  was  considered  because  the  underlying  clays,  silts  and 
Elephant  Member  Basalt  (hydraulic  conductivity  of  about  0.1  ft/day)  appears  to  be,  on 
average,  relatively  impermeable  in  comparison.  The  assumption  has,  therefore,  been 
made  that  most  of  the  contaminants  are  traveling  approximately  horizontally  in  the  alluvial 
aquifer.  Contaminant  sampling  has  shown  that  some  contaminants  are  present  below  the 
alluvial  aquifer  in  the  weathered  portion  of  the  Elephant  Mountain  Member,  but  this 
contamination  is  limited  in  extent  and  and  concentration. 

Hydraulic  Conductivity 

The  hydraulic  conductivity  of  the  uppermost  aquifer  has  been  evaluated  by  slug  testing 
and  three  aquifer  tests.  The  results  indicate  that  the  hydraulic  conductivity  of  the 
unconfined  aquifer  ranges  from  2  ft/day  to  more  than  2,700  ft/day.  Due  to  the  large 
variability  in  hydraulic  conductivity,  a  variable  hydraulic  conductivity  model  was 
developed.  The  model  hydraulic  conductivity  and  corresponding  transmissivity  variations 
are  shown  in  Figures  2-2  and  2-3,  along  with  the  field  data  for  specific  monitoring  wells. 
As  shown  in  these  figures,  a  large  area  of  the  site  covered  by  the  model  has  not  been 
investigated  so  a  conservative  uniform  value  was  chosen  for  these  nodes  of  2,300  ft/day. 
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based  on  the  discharge  of  85  million  gallons  over  1 0  years. 
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Figure  2-2:  Umatilla  Contaminant  Transport  Model  Hydraulic  Conductivity 


Figure  2-3:  Umatilla  Contamination  Transport  Model  -  Transmissivity  Values  for 
the  Current  Day,  Historical  and  Ground  Water  Extraction  Scenarios 
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The  value  of  2,300  ft/day  is  conservative  in  that  it  will  provide  for  the  highest  transport 
rates  in  the  modeled  area.  The  reported  hydraulic  conductivity  values  (Table  2-8)  were 
obtained  from  past  investigation  reports  (Dames  &  Moore,  1992;  Weston,  1989). 

Storage  Coefficient 

A  storage  coefficient  of  0.1  was  chosen  for  the  entire  model  based  on  the  aquifer  test 
results  presented  in  the  RI.  Insufficient  data  were  available  to  justify  a  variable 
discretization  for  this  parameter.  The  storage  coefficient  value  was  based  on  an  aquifer 
test  of  limited  overall  reliability  (Dames  &  Moore,  1992a)  but  this  was  the  only  field 
value  for  this  parameter.  Since  the  model  simulates  extended  time  periods  (i.e.,  48  to  68 
years)  it  is  relatively  insensitive  to  this  parameter. 

Partition  Coefficients 

The  partition  coefficients  used  for  RDX  and  2,4,6-TNT  in  the  model  were  respectively 
0.21  and  1.00,  respectively  as  described  by  laboratory  testing  results  presented  in  the  RI 
(Dames  &  Moore,  1992a). 

Effective  Porosity 

An  effective  porosity  of  0.2  was  selected  based  on  studies  by  McWhorter  and  Sunda 
(1977)  where  they  found  the  arithmetic  average  for  specific  yield  or  effective  porosity  of 
0.2  for  gravel  aquifers.  The  effective  porosity  presented  in  the  RI  (0.45)  was  not  used 
because  there  appears  to  be  a  mistake  in  the  calculation;  the  effective  porosity  shown  in 
the  RI  is  probably  the  total  porosity. 

Dispersion  Value 

The  dispersion  value  used  by  the  model  varied  from  15  feet  to  3,(XX)  feet.  The  lower 
number  for  dispersion  was  used  for  the  smaller  grids  and  the  larger  number  was  used  for 
the  long-term  No  Action  scenarios  in  which  the  contaminant  traveled  tens  of  thousands  of 
feet  Dispersion  is  a  scale-related  parameter  that  is  dependent  on  the  distance  traveled  by 
the  plume,  and  that  is  why  a  range  of  values  was  used.  For  comparison.  Figure  2-4  is 
presented  to  show  the  scale  dependence  of  dispersion.  The  ratio  of  longitudinal  to 
transverse  dispersity  was  set  at  10:1  based  on  literature  sources  (EPRI,  1985)  that 
indicate  that  longitudinal  dispersity  is  generally  higher  than  transverse  dispersity. 

Ground  Water  Reinfiltration 

Four  ground  water  reinfiltration  scenarios  were  evaluated  for  modeling  the  remediation  of 
the  unconfined  aquifer  at  Site  4,  including:  reinfiltration  of  the  ground  water  to  the 
washout  lagoons  for  the  length  of  the  remediation;  reinfiltration  of  the  ground  water  400 
to  800  feet  upgradient  in  an  infiltration  galley;  reinfiltration  of  the  of  the  ground  water  to 
the  washout  lagoons  for  a  short  period  of  time  (to  flush  the  contamination  from  the  soils) 
followed  by  discharge  of  the  water  to  an  infiltration  galley  400  to  800  feet  upgradient;  and 
reinfiltration  of  the  ground  water  downgradient  of  the  contaminant  plume. 
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Table  2-8:  Summary  of  Hydraulic  Conductivities 


Well  Number 

Hydraulic  Conductivity 
(ft/day) 

Reference 

6 

554 

1 

7 

314.7 

1 

8 

4.7 

1 

9 

569.7 

1 

21 

59.5 

1 

22 

59.3 

1 

23 

336.7 

1 

24 

337.1 

1 

25 

612.4 

1 

26 

2941 

2 

27 

445.1 

1 

28 

555.6 

1 

29 

11.6 

2 

30 

79.3 

1 

4-1 

195 

1 

4-2 

2304 

1 

4-3 

690.3 

1 

4-4 

2304 

1 

4-5 

2721.4 

1 

4-6 

1135.7 

1 

4-7 

293.2 

1 

4-12 

2.7 

1 

4-13 

214.3 

1 

4-14 

2.8 

1 

4-15 

5.1 

1 

4-18 

515.5 

1 

47-1 

483.4 

1 

47-2 

1601.3 

1 

47-3 

3000 

1 

47-4 

1052.6 

1 

1.  Dames  &  Moore,  1992a 

2.  Weston,  1989 
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Figure  2-4:  Scale  of  Observation  versus  Longitudinal  DIspersIvity  for 
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All  four  scenarios  were  qualitatively  evaluated  in  the  model  initially  to  determine  the  effect 
each  would  have  on  the  remediation  of  the  ground  water.  The  qualitative  analysis  was 
performed  by  using  an  extraction  scenario  with  ground  water  reinfiltration  at  the 
infiltration  galley  that  remediated  the  site  to  preliminary  remediation  goals  (PRGs)  in  10 
years  and  then  comparing  the  effect  on  cleanup  times  by  varying  the  reinfiltration  of  the 
ground  water.  Based  on  this  screening,  reinfiltration  of  the  ground  water  into  the 
washout  lagoons  for  a  short  period  of  time  (to  flush  the  contamination  fi'om  the  soils) 
followed  by  discharge  of  the  water  to  an  infiltration  galley  400  to  800  feet  upgradient  was 
selected  as  the  reinfiltration  scenario  to  be  used  to  evaluate  the  ground  water  extraction 
scenarios.  The  results  of  this  screening  are  presented  in  Section  2.3.3,  Ground  Water 
Modeling  Results. 

Ground  Water  Gradient 

The  ground  water  gradient  is  one  of  the  least  well  known  parameters  for  the  site,  and 
sufficient  historical  information  is  not  available  to  quantitatively  assess  this  parameter 
over  time.  Therefore,  a  uniform  gradient  throughout  historical  and  future  time  of  4.7  x 
10-5  ft/ft  was  assumed.  This  gradient  was  created  by  establishing  fixed  heads  at  the  upper 
and  lower  model  boundaries  (Figure  2-5).  The  ground  water  contour  interval  generated 
by  the  constant  head  boundaries  is  shown  in  Figure  2-6.  This  gradient  yielded  a 
reasonable  plume  shape  in  comparison  to  current  concentrations  and  areal  extent.  It  is 
also  based  on  the  observed  field  gradients,  considering  that  the  seasonal  change  in 
ground  water  gradient  will  cause  an  overall  average  lower  historical  gradient  than  either 
of  the  seasonal  values.  However,  as  stated  previously,  the  monitoring  record  is  highly 
variable  and  if  the  average  gradient  were  used  as  presented  in  the  RI  report,  then  the 
plume  should  be  located  to  the  northwest  rather  than  to  the  southeast  of  the  lagoons, 
which  conflicts  with  the  known  contaminant  distribution. 

Contaminant  Concentration  Discharge  to  Ground  Water 

These  values  are  below  the  solubility  limits  and  are  consistent  with  the  observed 
concentrations  in  the  aquifer.  On  average,  the  values  of  3,(XX)  pg/L  and  4, (XX)  pg/L  are 
the  most  consistent  and  representative  high  concentrations  observed  in  the  aquifer. 
Therefore,  these  values  were  used  for  the  long-term  model  runs.  Over  time,  it  is  not 
expected  that  the  concentrations  in  the  aquifer  have  decreased  significantly  given  the 
assumed  low  biodegradability  of  the  explosives  and  the  minimal  dispersion  that  has 
apparently  occurred.  Therefore,  the  current  contaminant  concentrations  are  probably 
fairly  reflective  of  the  historical  discharge  concentrations.  One  sampling  event  found  an 
RDX  concentration  of  6,816  mg/L  in  Well  28;  however,  this  concentration  was  not  used 
because  concentrations  this  high  were  never  detected  in  subsequent  sampling  events  and 
is  not  consistent  with  trends  from  other  wells. 

Historic  Discharge  to  the  Lagoons 

The  historic  lagoon  discharge  (injection  rate)  was  modeled  as  a  discharge  well  that 
received  8.5  million  gallons/year  of  wastewater  for  10  years.  This  model  condition  was 
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Figure  2-6:  Contaminant  Transport  Model  CAD  Ground  Water  Contours 
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based  on  the  historical  record,  which  showed  that  from  the  period  of  about  1955  to  1965, 
approximately  85  milhon  gallons  of  wastewater  were  disposed  of  in  the  Explosive 
Washout  Lagoons  (16  gpm).The  contaminant  concentration  of  RDX  and  2,4,6-TNT 
discharged  to  the  aquifer  at  the  lagoons  was  assumed  respectively  to  be  3, (XX)  |ig/L  and 
4,000  |ig/L. 

Current  Contaminant  Conditions 

To  achieve  the  current  contaminant  conditions,  the  long-term  transport  simulations  were 
modeled  as  transient  over  the  period  of  10  years  when  the  contaminated  wastewater  was 
injected  into  the  aquifer.  The  period  of  wastewater  discharge  was  followed  by  no  more 
contaminant  addition  and  28  years  of  contaminant  migration  (until  1991).  The  current 
simulated  contaminant  plume  is  shown  in  Figures  2-7  and  2-8  for  RDX  and  2,4,6-TNT, 
respectively.  The  field  monitoring  well  data  have  not  definitively  defined  the  extent  of  the 
contaminant  plume  in  all  directions  (i.e.,  southeast  and  west).  The  observed  plume 
boundaries  do,  for  the  most  part,  correspond  with  the  simulated  plume  area.  Also,  the 
simulated  concentrations  agree  reasonably  well  with  the  observed  concentrations.  Since 
the  simulated  plume  generated  from  the  original  operations  (1955  to  1965)  corresponds 
reasonably  well  to  the  actual,  documented  plume,  the  reasonableness  of  the  assumed 
concentrations  and  site  properties  is  verified.  However,  to  the  north  of  the  site  the 
simulated  plume  extends  beyond  the  observed  plume  area.  This  discrepancy  is  due  to  the 
mathematical  simulation  of  dispersion  included  in  the  model,  which  tends  to  allow 
contaminants  to  migrate  upgradient  more  than  observed  in  nature.  This  problem  cannot  be 
corrected  in  the  code  without  changing  the  mathematical  formulation,  rather,  the 
simulated  upgradient  concentrations  should  be  reviewed  with  caution;  however,  based  on 
the  overall  agreement,  the  model  was  assumed  to  be  calibrated.  As  can  be  seen  in  Figure 
2-7,  the  contaminant  plume  extends  about  3,7(X)  feet  from  the  disposal  lagoons  and  is  at 
most  about  2,500  feet  wide.  The  correlation  of  the  simulated  contours  with  the  actual  data 
indicates  that  the  parameters  that  have  been  used  in  the  model  are  reasonably 
representative  of  the  site. 

The  model  data  set  for  the  first  10  years  of  contaminant  injection  and  28  years  of 
contaminant  migration  is  presented  in  Appendix  A.  In  most  cases,  the  other  data  sets 
would  be  similar  except  for  the  changes  noted  in  this  section. 

2.3.3  Ground  Water  Modeling  Results 

As  stated  at  the  beginning  of  this  section,  the  objective  of  this  model  was  to  develop 
engineering  estimates  to  allow  remedial  alternatives  to  be  evaluated.  This  model  is  not 
intended  to  take  the  place  of  modeling  that  will  be  needed  to  optimize  the  location  of  the 
reinfiltration  galley  or  the  location  and  number  of  the  extraction  wells.  Three  ground 
water  modeling  efforts  were  conducted  to  meet  the  stated  objective.  These  included: 

•  Ground  Water  Reinfiltration 

•  Ground  Water  Extraction 
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•  Natural  Attenuation 

To  facilitate  the  review  of  the  results,  each  modeling  effort  is  separately  presented  below; 
however,  it  should  be  realized  that  the  ground  water  reinfiltration  and  ground  water 
extraction  efforts  were  iterative. 

2.3.3. 1  Ground  Water  Reinfiltration.  Four  ground  water  reinfiltration  scenarios  were 
evaluated  for  modeling  the  remediation  of  the  unconfined  aquifer  at  Site  4,  including: 
reinfiltration  of  the  ground  water  to  the  washout  lagoons  for  the  length  of  the  remediation; 
reinfiltration  of  the  ground  water  400  to  800  feet  upgradient  in  an  infiltration  galley; 
reinfiltration  of  the  of  the  ground  water  to  the  washout  lagoons  for  a  short  period  of  time 
(to  flush  the  contamination  from  the  soils)  followed  by  discharge  of  the  water  to  an 
infiltration  galley  400  to  800  feet  up  gradient;  and  reinfiltration  of  the  ground  water 
doAvngradient  of  the  contaminant  plume. 

All  four  scenarios  were  qualitatively  evaluated  in  the  model  initially  to  determine  the  effect 
each  would  have  on  the  remediation  of  the  ground  water.  The  qualitative  analysis  was 
performed  using  three  extraction  wells  at  a  flow  rate  of  333gpm  with  ground  water 
reinfiltration  at  the  infiltration  galley  that  remediated  the  site  to  PRGs  in  10  years  and  then 
comparing  the  effect  on  cleanup  times  by  varying  the  reinfiltration  of  the  ground  water. 
Based  on  this  screening,  reinfiltration  of  the  ground  water  into  the  washout  lagoons  for  a 
short  period  of  time  (to  flush  the  contamination  from  the  soils)  followed  by  discharge  of 
the  water  to  an  infiltration  galley  400  to  800  feet  upgradient  was  selected  as  the 
reinfiltration  scenario  to  be  used  to  evaluate  the  ground  water  extraction  scenarios.  The 
results  of  this  screening  are  presented  below  by  reinfiltration  scenario. 

Reinfiltration  Upgradient  -  Baseline 

The  baseline  case  upon  which  each  of  the  other  reinfiltration  scenarios  was  evaluated  was 
the  reinfiltration  of  the  treated  ground  water  upgradient  of  the  washout  lagoons.  In  this 
scenario,  the  ground  water  extracted  from  the  aquifer  was  modeled  as  being  reinjected  at 
an  equal  discharge  rate  back  into  the  aquifer  in  a  region  400  to  800  feet  upgradient  of  the 
washout  lagoons  (i.e.,  two  model  grid  squares  upgradient  [Figure  2-1]).  The  scenario 
was  evaluated  using  a  pumping  rate  of  333  gpm  from  three  extraction  wells  at  nodes 
(20,18),  (20,20),  and  (20,22)  from  Figure  2-1.  The  results  of  this  scenario  showed  that 
the  aquifer  could  be  remediated  to  PRGs  in  10  years. 

Reinfiltration  Downgradient 

In  this  scenario,  the  ground  water  extracted  from  the  aquifer  was  modeled  as  being 
reinjected  at  an  equal  discharge  rate  back  into  the  aquifer  downgradient  of  the  contaminant 
plume  in  a  manner  that  would  not  effect  the  remediation  of  the  ground  water.  The 
scenario  used  the  same  extraction  rates  and  extraction  well  locations  as  the  baseline 
scenario  as  a  starting  point  for  the  evaluation.  The  results  of  the  modeling  showed  that  the 
extraction  flow  rate  had  to  be  increased  to  430  gpm  to  remediate  the  aquifer  to  PRGs 
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simulated  and  Observed  RDX  Ground  Water  Contaminant 
Concentrations  (January  1991) 


MW-27 


Simulated  and  Observed  2,4,6-TNT  Ground  Water  Contaminant 
Concentrations  (January  1991) 
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within  10  years.  The  increase  in  extraction  rate  represented  a  23  percent  increase  in 
extraction  rate  over  the  baseline  scenario. 

Reinjection  to  the  Washout  Lagoons 

In  this  scenario,  the  ground  water  extracted  from  the  aquifer  was  modeled  as  being 
reinjected  at  an  equal  discharge  rate  back  into  the  aquifer  at  the  washout  lagoons.  The 
scenario  used  the  same  extraction  rates  and  extraction  well  locations  as  the  baseline 
scenario.  In  this  model  run  where  the  treated  ground  water  was  discharged  back  into  the 
washout  lagoons  for  the  life  of  the  remediation  (10  years),  the  reinfiltration  resulted  in  an 
adverse  spreading  of  the  contaminants  caused  by  the  ground  water  mounding.  In 
particular,  the  model  runs  indicated  that  by  discharging  into  the  washout  lagoons,  a  radial 
flow  pattern  was  established  at  the  lagoons  that  caused  contaminants  below  the  lagoons  to 
spread  out  into  currently  uncontaminated  areas  to  the  northeast  and  southwest.  Instead  of 
forcing  the  contaminants  towards  the  extraction  weUs,  the  discharge  tended  to  spread  the 
contaminants  by  sending  them  radially  towards  lower  permeabihty  sediments.  Even  at 
pumping  rates  twice  as  high  as  the  baseline  scenario,  the  extraction  wells  were  not  able  to 
remediate  the  aquifer  to  PRGs  within  the  10  year  time  frame. 

Reinfiltration  to  the  Washout  Lagoons  foiiowed  by  Reinfiitration  Upgradient 

In  this  scenario,  the  ground  water  extracted  from  the  aquifer  was  modeled  as  being 
reinjected  at  a  rate  of  200  gpm  into  the  washout  lagoons  with  the  remaining  133  gpm 
being  reinjected  upgradient.  After  one  year,  the  ground  water  being  reinjected  at  the 
washout  lagoons  was  redirected  to  the  upgradient  reinjection  location.  The  scenario  used 
the  same  extraction  rates  and  extraction  well  locations  as  the  basehne  scenario.  The 
reinfiitration  to  the  lagoons  caused  a  discharge  of  0.5  mg/L  RDX  and  0.3  mg/L  TNT  to 
the  ground  water  from  the  contaminated  soils  (Appendix  A).  The  modeling  results 
indicated  that  a  short-term  reinjection  into  the  washout  lagoons  would  remediate  the 
aquifer  to  PRGs  within  10  years  without  increasing  the  extraction  rates.  Unlike 
reinfiitration  to  the  washout  lagoons  for  the  entire  remediation,  reinfiitration  to  the 
lagoons  for  a  short  period  did  not  cause  the  contaminants  to  spread  out  and  contaminate 
previously  uncontaminated  regions  of  the  aquifer.  Because  this  scenario  provides  similar 
remediation  to  the  baseline  case  and  it  also  provides  for  removal  of  the  remaining 
explosive  contamination  in  the  soils,  it  was  selected  as  the  reinfiitration  alternative  for  the 
detailed  analysis. 

2.3.3.2  Ground  Water  Extraction.  To  simulate  remedial  extraction  systems  a  variety  of 
well  patterns  and  well  pumping  rates  were  modeled.  Given  the  wide  variety  of  potential 
well  locations  and  pumping  rates,  a  few  select  options  were  implemented  that  were 
consistent  with  those  commonly  used  to  remediate  contaminated  sites  (Satkin  and 
Bedient,  1988).  Typically,  there  is  a  trade  off  between  the  number  of  wells  installed,  the 
pumping  rate,  and  the  cleanup  time  that  results.  Whereas  a  larger  number  of  wells  may 
clean  up  an  area  faster  and  save  on  operation  and  maintenance  cost,  it  results  in  a  higher 
capital  cost.  Also,  a  large  pumping  rate  may  decrease  the  cleanup  time  but  at  the  risk  of 
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having  to  treat  more  uncontaminated  water  than  may  be  accomplished  by  a  lower  flow 
rate. 

The  well  patterns  and  flow  rates  modeled  and  their  corresponding  cleanup  times  are  listed 
in  Table  2-9.  All  modeling  runs  presented  in  Table  2-9  were  performed  with  the  ground 
water  reinjected  400  to  800  feet  upgradient  of  the  washout  lagoons  (see  Section  2.3.3. 1, 
Ground  Water  Reinfiltration).  The  modeling  indicated  that  the  upper  bound  for  well 
pumping  rate  is  approximately  0.5  ft^/sec  (225  gpm);  at  rates  not  much  higher  than  this, 
the  well  would  be  expected  to  dewater  the  area.  For  example,  at  a  rate  of  0.5  ft^/sec  (225 
gpm)  a  well  will  experience  about  6.5  feet  of  drawdown  given  the  MOC  drawdown 
results  corrected  for  a  point  location  by  the  formulations  of  Peaceman  (1983). 

The  upper  bound  for  weU  pumping  limits  the  remedial  program  to  a  multi-well 
remediation,  because  one  well  cannot  clean  up  the  site  at  this  pumping  rate.  The 
remediation  strategy  is  also  constrained  by  the  spread  of  contamination  over  a  large  area 
due  to  the  variation  in  partition  coefficient  among  the  explosives.  Therefore,  it  becomes 
necessary  to  install  at  least  three  wells  to  clean  up  the  site.  A  greater  number  of  wells 
tended  to  cause  large  stagnation  areas  to  form  that  interfered  with  the  cleanup,  whereas 
fewer  wells  were  not  able  to  efficiently  capture  the  contaminants.  For  modeling  puiposes, 
it  was  assumed  that  remedial  well  pumping  began  in  January  1993. 

Whereas  the  remedial  well  data  set  is  not  exhaustive,  it  does  give  a  range  of  anticipated 
cleanup  times  for  a  selection  of  well  configurations  and  pumping  rates.  The  results 
indicate  that  to  meet  a  cleanup  level  of  lO-^  and  a  hazard  index  of  1  (RDX  =  77  |ig/L, 
2,4,6-TNT  =18  jJ-g/L),  it  will  take  significantly  less  time  and/or  a  lower  flow  rate  by 
about  a  factor  of  two  than  cleanup  to  the  PRGs  (RDX  =  2.1  p-g/L,  2,4,6-TNT  =  2.8 
lig/L). 

Based  on  the  results  of  the  modeling,  four  extraction  scenarios  were  selected  for  use  in 
the  detailed  analysis  (highlighted  in  Table  2-9  and  presented  in  Table  2-10).  These 
scenarios  are  representative  of  how  the  actual  extraction  system  may  operate,  but  they  are 
pot  optimized  and  additional  modeling  will  be  needed  during  the  remedial  design  to 
determine  the  actual  number  of  extraction  wells,  their  location,  and  pumping  rates. 

In  the  simulated  extraction  scenarios,  the  contaminant  capture  zone  extends  beyond  the 
known  contaminated  areas,  therefore,  the  extraction  well  scenarios  are  conservative.  The 
capture  zone  areas  were  estimated  by  observing  the  ground  water  gradient  map.  Areas 
where  the  gradient  vector  point  towards  an  extraction  well  were  assumed  to  be  captured, 
while  those  moving  away  from  the  wells  were  assumed  to  be  outside  the  capture  zone. 
The  capture  zone  maps  for  the  four  selected  extraction  scenarios  are  presented  in  Section 
4.0,  Detailed  Analysis.  In  addition  to  the  capture  zones,  intermediate  and  final  contours 
for  both  RDX  and  2,4,6-TNT  were  developed  and  are  presented  in  Section  4.0. 
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Table  2-9:  Scenarios  Tested  for  Well  Placement  and  Pumping  Rate  Optimization 


Scenario 

RDX,  1 0  year,  1 0  -4  cleanup 

TNT,  10  year,  10  -4  cleanup 

RDX,  30  year,  10  -6  cleanup 


TNT,  30  year,  10  -6  cleanup 

RDX,  1 0  year,  1 0  -6  cleanup 

TNT,  10  year,  10  -6  cleanup 

RDX,  30  year,  10  -4  cleanup 
TNT,  30  year,  10-4  cleanup 


Well  Locations* 
(grid  cells)  (row, 
column) 

(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
{20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
{20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
{20,18)(20,20)(20,22) 
**(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20.18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
{20,18){20,20)(20,22) 
(20, 18)(20,20)  (20,22) 
**{20,18){20,20)(20,22) 

(20. 18) (20,21)  (20,24) 

(20.18) (20,21)(20,24) 

(20.18) (20,21)(20,24) 

(20.18) (20,19)(20,20) 
(20,21  )(20 ,22) 

(20.18) (20,19)(20,21) 
(20,22) 

(20.18) (20,22) 

(20,20) 

•*(20,18)(20,21)(20,24) 

(20,18)(20,21)(20,24) 

(20,18)(20,21)(20,24) 

(20.18) (20,21)(20,24) 
•*(20,18)(20,21)(20,24) 

(20.18) (20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
**(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20,22) 
(20,18)(20,20)(20.22) 
**(20,18)(20,20)(20,22) 

(20.18) (20,21)(20,24) 

(20.18) (20,24) 
**(20,18)(20,21)(20,24) 
**(20,18)(20,21)(20,24) 

(20.18) (20,21)(20,24) 
(20,18)(20,21)(20,24) 


*  See  Figure  2-1  for  grid  locations 
**  Scenario  selected  for  use  In  detailed  analysis 


Pumping  Rates 
(ft3/sec) 

(0.15)(0.05)(0.22) 
(0.25)(0.07)(0.10) 
(0.25)(0.1)(0.07) 
(0.23)(0.12)(0.07) 
(0.46)(0.24)(0.14) 
(0.37)(0.1)(0.07) 
(0.37)(0.06)(0.03) 
(0.37)(0.04)(0.01) 
(0.37)(0.05)(0.01) 
(0.37)(0.06)(0.01) 
(0.2)(0.1)(0.12) 
(0.23)(0.12)(0.07) 
(0.25)(0.15)(0.07) 
(0.30)(0.13)(0.07) 
(0.37)(0.10)(0.07) 
(0.37)(0.06)(0.01) 
(0.3)(0.06)(0.02) 
(0.2)(0.06)(0.02) 
(0.18)(0.06)(0.04) 
(all  0.15) 

(0.2)(0.2)(0.2) 

(0.15) 

(0.4)(0.35) 

(0.5) 

(0.2)(0.06)(0.04) 

(0.3)(0.06)(0.01) 

(0.2)(0.06)(0.02) 

(0.18)(0.06)(0.04) 

(0.2)(0.06)(0.04) 

(0.47)(0.16)(0.04) 

(0.47)(0.16)(0.06) 

(0.4)(0.16)(0.06) 

(0.38)(0.18)(0.06) 

(0.38)(0.16)(0.08) 

(0.5)(0.16)(0.08) 

(0.38)(0.16)(0.08) 

(0.4)(0.16)(0.08) 

(0.42)(0.16)(0.08) 

(0.48)(0.16)(0.08) 

(0.5)(0.16)(0.08) 

(0.1)(0.03)(0.02) 

(0.1)(0.01) 

(0.12)(0.03)(0.02) 

(0.12)(0.03)(0.02) 

(0.1)(0.03)(0.02) 

(0.11)(0.03)(0.02) 


Qualitative  Results 

Cleanup  level  not  achieved 
Stagnation  zone  at  (20,21 ) 

Cleanup  level  not  achieved 
OK  for  RDX,  not  for  TNT 
Cieanup  levei  achieved 
OK  for  RDX,  not  for  TNT 
Cleanup  level  achieved 
Cieanup  levei  not  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved  RDX  &  TNT 
Cleanup  levei  not  achieved 
Cleanup  level  not  achieved 
Cleanup  level  not  achieved 
Cleanup  level  not  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 

Cleanup  level  not  achieved 

Cleanup  level  not  achieved 
Stagnation  zone  at  (20,21 ) 

Cieanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 
Cieanup  level  not  achieved 
Cieanup  level  not  achieved 
Cieanup  levei  not  achieved 
Cleanup  levei  achieved 
Cleanup  level  not  achieved 
Cieanup  levei  not  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  achieved 
Cleanup  level  not  achieved 


Source:  Arthur  D.  Little,  Inc. 
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Table  2-10:  Results  of  Ground  Water  Model  for  UMDA 


Remedial 

Number 

Total  Pumping 

Years  to  Meet 

Scenario 

of  Wells 

Rate  (gpm) 

Cleanup  Levels 

No  Action 

PRGs  (a) 

0 

0 

5000(c) 

Risk  Level  of  l.OOE-4  (b) 

0 

0 

330(c)(d) 

Pump  and  Treat  1 

PRGs  (a) 

3 

333 

10 

Risk  Level  of  l.OOE-4  (b) 

3 

200 

10 

Pump  and  Treat  2 

PRGs  (a) 

3 

138 

30 

Risk  Level  of  l.OOE-4  (b) 

3 

77 

30 

Notes: 

(a)  The  preliminary  remedial  goal  for  RDX  is  2.1  pg/L  and  for  2,4,6-TNT  is  2.8  |ig/L 

(b)  The  risk  level  of  l.(X)E-4  is  at  a  concentration  of  77  pg/L  for  RDX  and  18  |ig/L  for  2,4,6-TNT 

(c)  The  RDX  plume  will  reach  the  UMDA  boundary  within  approximately  70  years 

(d)  2,4,6-TNT  will  meet  the  goal  in  approximately  250  years 


Source:  Arthur  D.  Litde,  Inc. 
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2.3.3.3 Natural  Attenuation.  The  long  range  "no  action"  scenarios  were  evaluated  by 
extending  the  grid  dimensions  and  grid  block  sizes  to  allow  for  greater  contaminant  travel 
distances.  As  a  cautionary  note,  changing  these  dimensions  changes  the  interpretation  of 
contaminant  concentration  plots  because  the  block  represents  a  larger  aquifer  volume  and 
consequential  dilution  can  occur  over  certain  intervals. 

The  results  of  the  long-term  contaminant  transport  modeling  are  shown  in  Table  2-10. 
They  indicate  that  if  no  remedial  actions  are  taken,  then  it  will  take,  respectively, 
approximately  5,000  and  330  years  for  the  RDX  plume  to  decline  below  the  preliminary 
remedial  goals  and  10-4  risk-based  cleanup  criteria.  Over  this  time  period,  the  plume  is 
expected  to  travel  about  300,000  and  40,000  feet,  respectively,  from  the  disposal  lagoons 
before  natural  attenuation  is  achieved.  The  results  for  natural  attenuation  of  the  2,4,6- 
TNT  plume  were  similar  to  the  RDX  plume.  The  2,4,6-TNT  plume  will  take 
approximately  5,000  and  250  years,  respectively,  to  reach  the  preliminary  remedial  goals 
and  10-4  risk-based  cleanup  criteria.  Over  this  time  period,  the  plume  will  travel  about 
100,000  and  12,000  feet,  respectively,  from  the  Explosive  Washout  Lagoons.  The 
model  also  indicates  that  under  the  no  action  scenario,  the  RDX  plume  will  reach  the 
UMDA  boundary  within  about  70  years. 

2.3.4  Model  Restrictions 

The  contaminant  transport  model  of  the  site  was  developed  to  estimate  the  time  required 
to  meet  remedial  objectives  in  order  to  develop  approximate  remedial  cost  estimates 
based  on  the  conditions  that  exist  now.  The  modeling  is  not  intended  to  serve  as  an  in- 
depth,  historical,  all  inclusive  model  for  the  ground  water  system,  rather,  it  relies  on 
average  values  of  geohydrologic  parameters  for  the  site  and  on  the  empirical  field  data  to 
develop  the  model. 

The  model  developed  was  for  the  uppermost  unconfined  aquifer  only  and  is  two- 
dimensional;  therefore,  it  does  not  take  into  account  unsaturated  flow  and  vertical 
movement  between  layers  or  within  the  unconfined  aquifer.  These  effects  would  be 
expected  to  be  small.  No  areal  recharge  was  simulated  and  the  area  outside  the  study  area 
was  considered  homogeneous  due  to  tiie  lack  of  data.  Artificial  recharge  was  not 
simulated  because  it  occurs  outside  the  modeled  area  except  in  the  “no  action”  scenarios 
and  insufficient  data  are  available  to  characterize  its  impact.  The  upgradient  and 
downgradient  model  boundaries  are  simulated  as  constant  head,  therefore,  they  take  into 
account  a  ready  supply  of  artificial  recharge.  For  the  long-term  contaminant  transport 
scenarios,  an  assumption  was  made  that  the  contaminants  would  travel  within  the 
uppermost  aquifer  along  the  same  direction  as  they  have  previously  and  at  the  same 
gradient. 

2.3.5  Sensitivity  Analysis 

A  sensitivity  analysis  was  conducted  to  evaluate  how  changes  in  input  parameters  impact 
the  model  results.  The  purpose  of  the  analysis  was  to  determine  which  parameters  have 
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the  greatest  effect  on  the  modeled  results  and  to  determine  to  what  extent  model  accuracy, 
and  therefore  pumping  design  accuracy,  is  dependent  upon  variation  in  input  parameters. 
However,  it  should  be  noted  that  the  purpose  of  this  model  is  to  develop  engineering 
estimates  that  can  be  used  in  the  development  and  evaluation  of  alternatives.  Additional 
modeling  will  be  required  during  the  remedial  design  to  optimize  the  placement  and 
extraction  rate  of  the  wells. 

The  sensitivity  analysis  was  conducted  in  two  steps.  During  both  steps  a  base  case 
selected  from  the  extraction  model  results  was  used  to  evaluate  the  changes.  The  first  step 
identified  which  parameters  have  the  greatest  affect  on  the  results  of  the  simulated  plume, 
and  the  second  step  evaluated,  for  the  parameter  with  the  greatest  effect,  the  influence  on 
the  pumping  rate  and  remediation  time. 

•  During  the  first  step,  the  base  case  of  the  model  was  run  while  individually  varying 
five  parameters:  hydraulic  conductivity  (transmissivity),  effective  porosity,  gradient, 
dispersivity,  and  contaminant  retardation.  The  base  case  used  for  this  analysis  was 
for  RDX  and  did  not  include  any  pumping  wells.  The  effects  of  the  parameters  on 
the  model  were  measured  through  relative  changes  in  plume  length  and  area.  Other 
parameters  were  not  selected  because  they  were  not  believed  to  cause  a  major  change 
in  the  model  results  or  there  was  no  indication  that  they  varied  across  the  UMDA 
site. 

•  For  the  second  step  of  the  analysis,  the  variable  having  the  greatest  affect  in  step  one, 
hydraulic  conductivity,  was  selected,  and  its  effect  on  the  extraction  system  and 
remediation  time  was  evaluated.  The  base  case  for  this  step  included  a  pumping 
scenario;  the  effect  of  hydraulic  conductivity  was  measured  by  the  necessary  changes 
in  the  extraction  system  in  order  to  remediate  the  site  within  the  same  time-frame. 
Only  one  variable  was  selected  for  this  analysis  because  it  was  the  parameter  having 
the  most  effect  on  the  pumping. 

Sensitivity  of  the  Plume  to  Hydrogeologic  Parameters 

The  base  case  for  this  step  was  the  simulated  RDX  plume  developed  in  Section  2.3.2, 
Model  Development,  and  presented  in  Figure  2-7.  Using  these  plumes  as  the  base  case, 
ten  runs  were  conducted  in  which  only  one  variable  was  altered  and  the  remaining 
variables  remained  consistent  with  the  base  case.  The  original  values  used  in  the  base 
case  are  presented  in  Section  2.3.2,  Model  Development,  and  summarized  in  Table  2-1 1. 
Hydraulic  conductivity  varied  by  node  and  was  altered  through  use  of  an  array  scaling 
factor. 

Following  each  run,  the  size  and  length  of  the  plume  was  measured  (in  number  of  nodes) 
and  compared  against  the  base  case  plume  size  and  length.  These  factors  were  chosen 
because  they  indicate  changes  in  the  total  plume  volume  which,  in  turn,  affects  the 
pumping  rate  and  time  necessary  for  reme^ation.  Size  was  measured  as  the  total  number 
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Table  2-11 

Summary  of  Model  Sensitivity  Comparison 


MODEL  RUN 

LENGTH  OF  PLUME 
Nodes  %  change 

AREA  OF  PLUME 
Nodes  %  change 

Base  Case 

7 

24 

Hydraulic  Conductivity 

Run  #1  -  doubled 

9 

29% 

30 

25% 

Run  #2  -  hatfed 

5 

-29% 

17 

-29% 

Effective  Porosity 

Run  #3  -  doubled 

6 

-14% 

18 

-25% 

Run  #4  -  hatfed 

7 

0% 

24 

0% 

Gradient 

Run  #5  -  doubled 

9 

29% 

30 

25% 

Run  #6  -  hatfed 

6 

-14% 

18 

-25% 

Dispersivity 

Run  #7  -  doubled 

7 

0% 

26 

8% 

Run  #8  -  halted 

6 

-14% 

22 

-8% 

Retardation 

Run  #9  -  doubled 

5 

-29% 

16 

-33% 

Run  #10 -hatfed 

8 

14% 

28 

17% 

NOTES: 

1 .  Distance  and  area  given  in  number  of  nodes 

2.  Distance  =  the  maximum  number  of  nodes  along  the 
length  of  the  plume 

3.  %  change  =  percent  change  from  the  base  case  value 
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of  nodes  that  contained  detectable  concentrations  of  RDX.  The  length  was  measured  as 
the  total  number  of  nodes  in  the  primary  direction  of  plume  transport  (the  "Y-direction"). 
The  results  of  the  comparison  are  included  on  Table  2-11. 

In  general,  the  plume  size  and  length  increased  with: 

•  increased  hydraulic  conductivity  (transmissivity) 

•  increased  gradient 

•  increased  dispersivity 

•  decreased  effective  porosity 

•  decreased  retardation 

The  plume  size  and  length  decreased  with  the  reciprocal  of  the  factors  above.  In  some 
cases,  the  change  in  the  parameter  was  insufficient  to  change  the  length  and  area  from  the 
base  case.  Hydraulic  conductivity,  gradient  and  retardation  have  a  larger  effect  on  the 
results  of  the  model  than  do  porosity  or  dispersivity.  However,  only  in  one  case  did 
either  length  or  size  change  more  than  30%  from  the  base  case  (the  plume  length 
decreased  by  33%  when  the  RDX  retardation  factor  was  doubled).  The  parameter  with 
the  most  influence  on  the  final  results  is  hydraulic  conductivity,  therefore,  hydraulic 
conductivity  was  selected  as  the  parameter  for  additional  sensitivity  analyses. 

The  accuracy  of  the  sensitivity  analysis  is  affected  by  the  distance  between  the  nodes  (400 
feet)  and  automatic  rounding  of  the  concentrations.  For  example,  the  total  plume  length 
in  the  base  case  is  2,800  feet  (7  nodes  at  400  feet/node).  Therefore,  the  smallest  change 
observable  in  plume  length  is  one  node  or  400  feet  (14%  of  the  base  case  length).  The 
4(X)-foot  grid  size  was  necessary  to  reduce  the  effects  of  boundary  conditions  and  allow 
for  long  transport  distances.  The  maximum  number  of  active  transport  cells  in  MOC  is  20 
by  20,  so  modeling  the  entire  area  resulted  in  a  large  grid  spacing.  The  larger  the  grid 
spacing,  the  smaller  the  nodal  area  representing  the  plume.  Therefore,  for  the  model  to 
accurately  evaluate  long  transport  distances,  the  plume  needed  to  be  represented  by  a 
minimum  number  of  nodes.  The  precision  of  the  sensitivity  analysis  is  limited  by  the 
plume  size  (i.e.,  smaller  changes  would  be  observable  if  the  plume  were  initially  larger). 

Rounding  may  also  affect  the  accuracy  of  the  analysis.  In  the  base  case  the  plume  is  7 
nodes  long;  however  without  a  concentration  of  "1"  in  a  single  node,  the  plume  would 
only  be  6  nodes  long.  Given  that  the  "1"  is  a  rounded  number,  a  very  small  change  in  the 
concentration  at  that  node  could  change  the  plume  length  to  6  nodes.  However,  the 
purpose  of  the  first  step  of  the  analysis  was  to  identify  a  parameter  for  Step  2,  thus  the 
relative  responses  of  the  parameters  on  the  plume  are  more  important  than  the  absolute 
changes  from  the  base  case. 
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Sensitivity  of  the  Extraction  Rate  to  Hydrauiic  Conductivity 

A  second,  more  elaborate,  sensitivity  analysis  was  conducted  to  evaluate  the  effect  on  the 
overall  pumping  rate  of  increasing  or  decreasing  input  parameters.  One  parameter, 
hydraulic  conductivity,  was  selected  for  this  analysis  because  it  was  the  parameter  having 
the  greatest  impact  on  contaminant  distribution  as  shown  in  Step  1. 

For  the  second  analysis,  the  hydraulic  conductivity  was  doubled  and  halved  for  the 
compounds  RDX  and  TNT.  The  model  was  run  under  pumping  conditions  with  three 
pumping  wells  located  at  nodes  (20,18),  (20,20),  and  (20,22).  The  pumping  scenario 
was  based  on  the  10- year  PRO  extraction  criteria  with  a  combined  pumping  rate  of  333 
gpm.  For  these  runs,  the  MOC  model  simulation  was  divided  into  two  parts,  a  28-year 
contamination  input  period  using  the  base  case  model  parameters  followed  by  a  lO-year 
remedial  simulation  using  the  doubled  and  halved  hydraulic  conductivity  values.  The 
results  of  these  modeling  simulations  indicated  that  for  the  doubled  hydraulic  conductivity 
simulation,  RDX  cleanup  to  PRG  standards  could  not  be  achieved  without  raising  the 
extraction  rate  at  cell  (20,22)  from  0.08  to  0.2  ftVsec.  This  represents  a  14  percent 
increase  in  overall  pumping  rate.  For  the  model  runs  using  half  of  the  base  case  value  of 
hydraulic  conducted,  TNT  could  not  be  cleaned  up  to  PRGs  in  10  years  without  raising 
the  extraction  rate  at  cell  (20,18)  by  0.05  ftVsec.  This  represents  a  7  percent  increase  in 
overall  pumping  rate. 

The  sensitivity  analysis  was  conducted  on  a  variety  of  parameters  to  evaluate  their 
influences  on  the  plume  size  and  therefore  the  pumping  rate  required  for  remediation. 
Based  on  the  results  of  the  analysis,  even  if  the  hydraulic  conductivity,  the  parameter 
with  the  most  effect,  were  to  be  either  doubled  or  halved,  the  extraction  rate  would 
change  by  less  than  15  percent. 


2.4  Reinfiltration  of  Treated  Ground  Water  into  the  Explosive  Washout 
Lagoons 

The  selected  remediation  for  the  Explosive  Washout  Lagoon  Soils,  as  presented  in  the 
1992  ROD,  involves  excavating  the  soils  beneath  the  lagoons  to  a  depth  of  five  feet  (11 
feet  below  the  surface)  while  leaving  the  remaining  soil  contamination  in  place.  Concerns 
have  been  raised  about  the  contamination  remaining  within  10  feet  of  the  ground  water 
table  because  there  is  evidence  that  the  ground  water  table  is  rising  and  that  this 
contamination  may  represent  a  source  of  continuing  ground  water  contamination. 
Because  of  these  concerns  this  FS  has  investigated  the  potential  for  discharging  treated 
ground  water  back  into  the  washout  lagoons  and  flushing  the  contamination  from  the 
soils  into  the  ground  water  and  collecting  the  contamination  down  gradient  in  ground 
water  extraction  wells.  RDX  and  2,4,6-TNT  were  used  in  the  investigation  because  they 
represent  the  contaminants  with  the  highest  concentrations  and  the  range  of  contaminant 
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mobilities  (RDX  high,  TNT  low).  For  this  reason,  the  other  contaminants  of  concern 
were  assumed  to  be  flushed  from  the  soil  prior  to  RDX  and  2,4,6-TNT. 

The  amount  of  time  required  to  flush  RDX  and  2,4,6  -TNT  from  unsaturated  soils 
beneath  the  north  and  south  lagoons  at  Site  4  has  been  calculated  using  an  analytical 
model  developed  by  van  Genuchten  and  Alves  (1982).  The  model  was  developed  by 
solving  the  one-dimensional  convective-dispersive  solute  transport  equation  under  the 
assumption  of  steady  state  flow  conditions.  That  is,  volumetric  moisture  content  and 
volumetric  flux  are  constant  both  spatially  and  temporally.  Given  these  assumptions  the 
differential  equation  describing  one-dimensional  chemical  transport  reduces  to: 


-  V—  -  R—  =  pc  -  Y  (^9-  2-1) 

dx'^  dx  dt 


where:  c  = 

X  = 

D  = 

V  = 

q  = 
e  = 

t  = 
\i  = 


Y  = 
R  = 


solution  concentration  (mass/length3). 
distance  (length) 

dispersion  coefficient  (lengthVtime) 
interstitial  or  pore  water  velocity  (length/time) 
volumetric  flow  rate  (length/time) 
volumetric  moisture  content 
time 

rate  constant  for  first  order  decay  in  the  liquid  and  sohd  phases  of  the 
soil  (1/time) 

rate  constant  for  zero  order  production  (mass/length3/time) 
Retardation  factor 


The  assumption  was  made  that  no  production  or  decay  occurred  such  that  equation  2-1 
reduces  to: 

(««•  2-2) 

dt  dx  dx 

Solutions  to  Equation  2-2  were  obtained  by  applying  the  following  initial  and  boundary 
conditions: 


c(x,0)  =  Ci 

(eq.  2-3) 

c(0,t)  =  Co  for  0<t<to 

(eq.  2-4) 

c(0,t)  =  0  fort>to 

(eq.  2-5) 

3c/dx  (L,t)  =  0 

(eq.  2-6) 
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where:  Ci  = 
Co  = 
L  = 

to  = 


initial  concentration  (mass/length3) 
input  concentration  (mass/length3) 
soil  column  length  (length) 
duration  of  solute  pulse  (time) 


Equation  2-3  indicates  the  initial  concentration  in  the  soil  is  constant,  while  equations  2-4 
and  2-5  indicate  the  input  concentration  at  the  surface  is  a  constant  greater  than  zero  until 
time  to,  and  zero  after  time  to  respectively.  Equation  2-6  indicates  that  the  spatial  rate  of 
change  of  concentration  remains  constant,  that  is,  the  slope  of  the  concentration  versus 
distance  curve  is  zero  at  each  point  in  space  and  time. 


Given  the  initial  and  boundary  conditions  in  equations  2-3  through  2-6,  the  solution  to 
equation  2-2  is: 


c(x,t)  =  Ci  +  (Co  -  Ci)  A(x,t)  for  0<t<to 

c(x,t)  =  Ci  4-  (Co  -  Ci)  A(x,t)  -  Co  A(x,t-to)  for  t>to 


where: 


(eq.  2-7) 
(eq.  2-8) 


{eq.  2-9) 


and  the  eigenvalues  Bm  are  the  positive  roots  of  the  equation: 
cot(Bm)  +  (vL)/(2D)  =  0  (eq.  2-10) 


Solutions  to  Equations  2-7, 2-8, 2-9,  and  2-10  have  been  programmed  in  Fortran;  for  a 
complete  listing  of  the  code  see  van  Genuchten  and  Alves  (1982).  The  input  variables  to 
the  program  are  as  follows: 


V 

D 

R 

to 

Ci 

Co 

TOL 

XI 


Interstitial  or  pore-water  velocity 
Dispersion  coefficient 
Retardation  factor 

Duration  of  tracer  pulse  added  to  profile 
Constant  initial  concentration 
Constant  input  concentration 

Convergence  criterion  for  series  solution  in  Equation  2-9 
Initial  distance  for  computer  printout 
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DX 

XM 

XL 

Tl 

DT 

TM 


=  Increment  in  distance  for  computer  printout 
=  Maximum  distance  for  computer  printout 
=  Length  of  soil  column 
=  Initial  time  for  computer  printout 
=  Time  increments  for  computer  printout 
=  Final  time  for  computer  printout 


The  values  for  each  input  variable  used  in  the  cleanup  calculations  are  listed  below.  The 
rationale  for  using  each  value  is  also  provided. 


Interstitial  or  pore-water  velocity 

This  value  was  estimated  by  first  calculating  the  expected  specific  discharge  through  the 
soil  column  beneath  the  lagoons.  The  specific  discharge  is  calculated  using  the  following 
equation: 


specific  discharge  =  Q/A  (eq.  2-11) 

where:  Q  =  volumetric  flow  through  the  soil  column  (lengthVtime) 

A  =  cross  sectional  area  of  the  soil  column  perpendicular  to  flow  (length2) 

From  the  modeling  studies  used  to  determine  aquifer  pumping  rates  required  to  contain 
the  ground  water  contaminant  plume  (see  Section  2.3.3,  Ground  Water  Model)  Q  was 
determined  to  be  77, 138, 200,  and  333  gpm  for  the  four  cleanup  scenarios.  Three  of  the 
flow  rates  were  used  to  determine  soil  flushing  rates. 

The  333  gpm  flow  rate  was  not  used  because  of  concern  that  the  lagoons  would  not  be 
able  to  handle  a  flow  at  that  rate.  There  is  no  percolation  rate  data  available  for  the 
lagoons  and  in  order  to  make  an  estimate  of  tiie  maximum  discharge  rate  to  the  lagoons 
therefore  a  percolation  rate  of  2  minfinch  was  assumed  because  of  the  sandy  soils  and  the 
yields  from  the  aquifer.  Using  the  assumed  percolation  rate  and  an  effective  porosity  of 
0.2  a  saturated  vertical  hydraulic  conductivity  was  calculated  to  be  0.5  feet  per  hour  by 
dividing  the  porosity  by  the  percolation  rate  and  converting  the  units  (U.S.  Department  of 
the  Interior,  1978).  A  maximum  discharge  rate  was  then  calculated  by  multiplying  the 
surface  area  of  the  lagoons  by  the  vertical  hydraulic  conductivity.  The  discharge  rate  was 
determined  to  be  333  gpm.  The  actual  maximum  rate  was  reduced  by  40  percent  because 
of  the  uncertainty  in  the  percolation  rate  to  give  a  rate  of  200  gpm.  Percolation  tests 
should  be  performed  during  the  remedial  design,  and  the  actual  discharge  rate  should  be 
set  based  on  that  rate. 


For  demonstration  purposes  the  2(X)  gpm  flow  rate  was  used  in  the  example  calculations. 
The  cross  sectional  area  was  determined  by  considering  a  soil  column  that  lies  directly 
beneath  both  lagoons.  Therefore,  the  width  corresponds  to  the  distance  fi-om  the  north 
side  of  the  north  lagoon  to  the  south  side  of  the  southern  lagoon,  and  the  length 
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corresponds  to  the  distance  measured  from  the  west  side  of  the  lagoons  to  the  east  side. 
The  width  of  both  lagoons  is  66  feet  (north  lagoon  is  39  feet  and  the  south  lagoon  is  27 
feet)  and  the  length  80  feet  with  a  corresponding  cross  sectional  area  is  5280  ft^.  Given 
the  volumetric  flow  rate  and  cross  sectional  area,  the  specific  discharge  was  determined  to 
be  222  cm/day  as  follows: 

specific  discharge  =  (200  gal/min)/5280  ft2  x  (0.1336806  ft3)/(l  gal) 

=  (0.0051  ft/min)  x  (30.48  cm)/(l  ft) 

=  0.154  cm/min 

=  (0.154  cm/min)  x  (60  min/hr)  x  (24  hr/day) 

=  222  cm/day 

However,  the  parameter  of  interest  is  the  interstitial  pore  velocity  which,  for  the  purposes 
of  this  study,  is  assumed  to  be  the  average  linear  velocity  through  the  soil  column 
calculated  by  dividing  the  specific  discharge  by  the  soil  porosity.  Given  the  specific 
discharge  of  222  cm/day  and  dividing  by  the  effective  porosity  of  0.2  (see  Section  2.3.3, 
Model  Development  for  derivation  of  effective  porosity),  resulted  in  an  average  linear 
velocity  of  1,111  cm/day. 

The  interstitial  pore- water  velocity  for  each  discharge  rate  are  as  follows: 

Discharge  Rate  Interstitial  Pore-Water  Velocity 

77  gpm  428  cm/day 

138  gpm  767  cm/day 

200  gpm  1,111  cm/day 

As  a  check,  to  determine  if  this  velocity  could  actually  occur  in  these  soils  the  maximum 
velocity  obtainable  by  these  soils  was  estimated  using  Darcy’s  Law: 


V  .  — “  (eq.  2-12) 

<1> 

where:  K  =  the  soil  hydraulic  conductivity  (length/time) 
dh/dz  =  the  hydraulic  gradient 
(()  =  soil  porosity 

Since  the  soil  column  is  vertical  the  hydraulic  gradient  is  1  when  the  soil  column  is 
saturated  and  no  ponding  occurs  at  the  surface.  The  hydraulic  conductivity  of  70,226 
cm/day  was  calculated  by  using  a  transmissivity  corresponding  to  the  overburden  aquifer 
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of  0.4  ft2/sec  and  dividing  by  the  aquifer  thickness  of  15  feet  and  converting  to  cm/day  as 
follows: 

K  =  (0.4  ft2/sec)/(15  ft) 

=  (0.0267  ft/sec)  x  (30.48  cni)/(l  ft)  x  (3600  sec)/(l  hr)  x  (24  hr)/(l  day) 

=  70,226  cm/day 

Therefore,  the  maximum  velocity  for  a  saturated  soil  column  would  be: 

V  =  [(70,226  cm/day)  x  (l)]/[0.2] 

=  351,130  cm/day 

This  velocity  is  well  above  the  calculated  velocity  of  1,1 1 1  cm/day  associated  with  the 
200  gal/min  pumping  rate. 

Dispersion  Coefficient 

The  dispersion  coefficient  is  calculated  as  follows: 

D  =  av  +  d’  («)• 

where:  a  =  dispersity  (length) 

D*  =  coefficient  of  molecular  diffusion  (length2/time) 

V  =  interstitial  pore  velocity  (length/time),  as  defined  above 

Given  the  relatively  high  hydraulic  conductivity  and  associated  flow  rates  through  the  soil 
column,  the  molecular  diffusion  can  be  considered  negligible.  The  dispersity  is  a 
characteristic  property  of  the  porous  medium.  A  typical  value  is  1/10  the  total  distance 
travelled  through  the  soil  column.  The  length  of  the  soil  column,  52.27  feet,  was 
determined  by  averaging  the  depth  to  the  water  table  in  wells  in  the  vicinity  of  the 
lagoons.  The  wells  used  were  9,  22, 23,  24,  25,  4-1,  4-12,  4-14,  and  4-18.  The  average 
ground  water  table  depth  was  calculated  using  data  collected  in  these  wells  from  May 
1988  through  November  1991  presented  in  Appendix  B.6  of  the  RI  (Dames  &  Moore, 
1992a).  Given  this  information,  a  was  determined  to  be  5.2  feet  (158.5  cm). 

Multiplying  a  by  the  velocity  (1,111  cm/day  at  a  discharge  rate  of  200  gpm)  resulted  a 
dispersion  coefficient  of  176,093  cm2/day  for  a  discharge  rate  of  2(X)  gpm. 

The  interstitial  pore-water  velocity  for  each  discharge  rate  are  as  follows: 

Discharge  Rate  Dispersion  Coefficient 

77  gpm  67,838  cm2/day 

138  gpm  121,570  cm2/day 

200  gpm  176,093  cm2/day 
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Retardation  factor,  R  for  RDX  =  2.575,  R  for  TNT  =  8.5 

The  retardation  factor  is  calculated  with  the  following  equation: 

R  =  1  +  [(pKd)/(t)]  (eq.  2-14) 

where:  p  =  the  bulk  density  of  the  porous  media  (mass/length^) 

Kd  =  distribution  coefficient  (mass  chemical  adsorbed/mass  soil)/(mass  of 
chemical  in  solution/length3  of  solution) 

<[)  =  soil  porosity 

The  soil  porosity  of  0.2  and  the  bulk  density  of  the  porous  media  (1.5  g/cm3)  were  taken 
firom  the  RI  and  correspond  to  the  values  used  for  the  aquifer  beneath  the  site.  The 
distribution  coefficients  for  RDX  (0.21  ml/g)  and  TNT  (1.0  ml/g)  were  also  taken 
directly  from  the  RI  (Table  4-16,  pg.  4-95)  and  correspond  to  the  mean  of  various  JCd 
values  collected  across  the  site  measured  in  the  lab. 

Duration  of  tracer  pulse  added  to  profile,  to  =  0 

This  value  corresponds  to  the  time  duration  associated  with  the  input  of  contaminated 
water  to  the  soil  column.  Since  the  water  input  to  the  system  is  assumed  clean,  this  value 
has  been  set  to  zero. 

Constant  initial  concentration,  C|  for  RDX  =  109,524  pg/I,  Ci  for  2,4,6- 
TNT  =  12,000  pg/1 

This  parameter  corresponds  to  the  average  soil  concentrations  detected  beneath  the 
lagoons.  The  values  were  determined  by  averaging  results  from  soil  samples  collected 
below  5  feet  and  above  50  feet  in  borings  S4B-5,  S4B-6,  S4B-7,  and  S4B-8  which  were 
taken  within  the  lagoons.  The  average  soil  concentrations  were  23.0  mg/kg  for  RDX, 
and  12.0  mg/kg  for  2,4,6-TNT  (Table  2-12).  The  soil  concentrations  were  then 
converted  to  water  concentration  using  the  respective  partition  coefficients  (Kd)  of  0.21 
ml/g  for  RDX  and  1.0  ml/g  for  2,4,6-TNT. 

Constant  input  concentration,  Co  =  0 

This  parameter  corresponds  to  the  concentrations  of  water  input  to  the  column.  Since  the 
water  used  to  flush  the  soil  column  is  assumed  clean,  this  parameter  value  has  been  set  to 
zero. 

Convergence  criterion  for  series  solution  in  equation  2-9,  TOL  =  0.0001 

The  value  of  this  parameter  determines  the  extent  to  which  the  series  solution  in  equation 
2-9  will  be  summed.  The  value  has  been  arbitrarily  set  but  any  value  less  than  0.01  has 
little  effect  on  the  final  solution  for  this  particular  problem. 
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Length  of  soil  column,  XL  =  1593.19  cm 

This  value  corresponds  to  the  total  length  of  the  soil  column  beneath  the  lagoons.  The 
length  of  the  soil  column,  52.27  feet,  was  determined  by  averaging  the  depth  to  the  water 
table  in  wells  in  the  vicinity  of  the  lagoons.  The  wells  used  were  9, 22, 23, 24,  25, 4-1, 
4-12, 4-14,  and  4-18.  The  average  water  table  depth  was  calculated  using  data  collected 
in  these  wells  from  May  1988  through  November  1991  presented  in  Appendix  B.6  of  the 
RI. 

The  remaining  input  parameters  to  the  program  are  only  for  printout  and  do  not  require 
discussion. 

Initial  distance  for  computer  printout,  XI  =  1,593  cm 
Increment  in  distance  for  computer  printout,  DX  =  0  cm 
Maximum  distance  for  computer  printout,  XM  =  1,593  cm 
Initial  time  for  computer  printout,  TI  =  1  day 
Time  increments  for  computer  printout,  DT  =  1  day 
Final  time  for  computer  printout,  TM  =  5,475  days 

When  running  the  program,  concentrations  were  printed  that  corresponded  to  the  bottom 
of  the  soil  column  (1593  cm  or  52.3  ft)  at  various  times  (i.e.,  0  through  5,475  days). 
After  running  the  program  the  results  were  visually  scanned  to  determine  the  number  of 
days  required  to  achieve  the  chemical's  corresponding  cleanup  concentrations  at  the 
bottom  of  the  soil  column.  The  soil  cleanup  levels  were  based  on  concentrations  in  soil 
that  would  be  protective  of  the  ground  water.  For  RDX  and  2,4,6-TNT  these  ground 
water  cleanup  concentrations  are  as  follows: 

RDX  2.1  pg/1 
TNT  2.8  pg/1 

The  results  of  the  modeling  are  presented  in  Appendix  B.  The  times  required  to  achieve 
the  cleanup  concentrations  are  as  follows: 

Discharge  Rate  Clean  up  Time  for  RDX  Cleanup  Time  for  TNT 

77  gpm  40  days  106  days 

138  gpm  22  days  59  days 

200  gpm  16  days  41  days 

One  of  the  concerns  with  the  modeling  of  cleanup  times  is  that  the  Kd  value  used  in  this 
study  is  too  low  for  both  RDX  and  TNT.  Therefore,  cleanup  times  were  estimated  using 
Kd  values  increased  by  a  factor  of  5.  The  resulting  Kd  values  for  each  compound  are  1.05 
ml/g  and  5.0  ml/g  for  RDX  and  TNT  respectively.  The  retardation  coefficients,  that  were 
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used  in  the  model,  which  are  calculated  using  the  values  arel2.875  and  42.5  for  RDX 
and  TNT  respectively. 

In  addition  to  the  recalculation  of  the  Ka  values  and  the  associated  retardation  coefficients, 
a  new  initial  concentration  was  calculated.  The  new  initial  concentration  was  determined 
by  using  the  average  detected  soils  concentrations  of  23.0  mg/kg  for  RDX,  and  12.0 
mg/kg  for  TNT,  and  dividing  by  the  new  Ka.  The  resulting  new  initial  concentrations 
(Cl)  are  21.90  mg/1  and  2.4  mg/1  for  RDX  and  TNT  respectively. 

Given  the  new  Ka  values,  the  resulting  cleanup  times  associated  with  the  three  discharge 
rates  was  as  follows: 

Discharge  Rate  Cleanup  Time  for  RDX  Cleanup  Time  for  TNT 

77  gpm  173  days  448  days 

138  gpm  97  days  250  days 

200  gpm  67  days  173  days 


For  the  FS,  the  soil  cleanup  times  based  on  the  higher  Ka  values  were  used  in  order  to 
ensure  that  the  evaluation  of  alternatives  was  based  on  a  conservative  design  basis.  The 
cleanup  times  should  be  refined  during  the  remedial  design  based  on  percolation  tests, 
and  consideration  should  be  given  to  mnning  bench-scale  flushing  studies  with  actual 
washout  lagoon  soil  and  the  hmitations  of  the  model,  to  further  model  the  transport  of  the 
contaminants  in  the  actual  remediation.  Because  of  the  uncertainties  surrounding  the 
flushing  of  the  contaminants  from  the  soils,  a  detailed  monitoring  program  will  be  needed 
during  flushing  to  ensure  that  the  RDX  and  2,4,6-TNT  are  being  removed  and  that  the 
contaminants  in  the  ground  water  are  not  being  forced  into  currently  uncontaminated 
regions  of  the  aquifer  by  the  mounding  under  the  lagoons. 


2.5  Identification  and  Screening  of  Technologies  and  Process  Options 

In  this  section,  the  technologies  associated  with  the  general  response  actions  discussed  in 
Section  2.2,  General  Response  Actions,  and  typical  process  options  for  each  technology 
are  identified,  and  the  results  of  the  technology  screening  evaluation  are  presented.  The 
screening  was  intended  to  eliminate  inappropriate  remedial  options.  The  rationale  for 
rejecting  certain  process  options  or  entire  technologies  is  presented  here.  Process  options 
selected  for  further  detailed  evaluation  are  described  in  Section  2.5.3,  Final  Evaluation 
and  Screening  of  Process  Options. 

A  two-step  screening  process  was  used.  The  preliminary  screening  reviewed  technical 
and  regulatory  implementability  to  eliminate  clearly  inappropriate  options.  Those 
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candidate  technologies  that  were  found  to  be  potentially  applicable  in  the  preliminary 
screening  were  carried  to  the  second  screening.  The  second  screening  ev^uated  the 
remaining  process  options  in  greater  detail,  based  on  the  following  three  criteria; 

•  Effectiveness 

•  Implementability 

•  Cost 

As  stipulated  in  EPA  guidance,  the  cost  criterion  played  a  limited  role  in  the  screening  of 
the  technologies  and  process  options.  Greater  emphasis  was  placed  on  effectiveness  and 
implementabihty,  so  that  clearly  effective  and  implementable  remedial  technologies  were 
retained  for  further  detailed  analysis.  Only  relative  capital  and  operating  and  maintenance 
costs  were  considered,  with  evaluations  made  on  the  basis  of  engineering  judgement. 
The  detailed  analysis  develops  remedial  costs  in  greater  depth  in  order  to  provide 
guidance  for  the  effective  development  of  a  ROD. 

Z5.1  Criteria  for  Identification  and  Screening  of  Remedial  Technologies 

Four  factors  were  used  to  screen  the  identified  technologies: 

•  Waste  characteristics 

•  Site  characteristics 

•  Technology  characteristics 

•  Regulatory  agency  preferences 

2.5.1. 1  Waste  Characteristics.  Within  Site  4  (Explosives  Washout  Lagoons),  the 
ground  water  has  been  found  to  be  contaminated  with  seven  specific  types  of  explosives, 
and  explosive-related  compounds,  including:  RDX;  1,3,5-TNB;  1,3-DNB;  2,4,6-TNT; 
2,4-DNT;  HMX;  and  nitrobenzene  (See  Table  2-1).  Specific  waste  characteristics 
identified  that  could  potentially  influence  the  screening  process  include; 

Reactivity 

Military  regulations  and  prudence  dictate  that  technologies  considered  for  remediation 
mitigate  the  possibility  of  a  detonation.  Reactivity  studies  performed  for  USATHAMA 
(Arthur  D.  Little,  Inc.,  1987)  identified  that  a  concentration  of  explosives  in  soil  of  12 
percent  by  weight  is  the  minimum  concentration  at  which  detonation  would  occur.  As  a 
conservative  guideline,  AEG  has  adopted  a  10  percent  concentration  as  the  minimum  at 
which  reactivity  would  be  a  concern.  However,  reactivity  wiU  be  addressed  as  necessary 
for  those  technologies  that  involve  processes  that  concentrate  or  accumulate  explosives 
fi-om  the  groundwater. 

Volatility 

As  shown  in  Table  2-13,  the  ground  water  contaminants  at  Site  4  generally  have  low 
vapor  pressures  at  ambient  temperatures. 
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Aqueous  Phase  Soiubiiity 

As  shown  in  Table  2-13,  the  contaminants  are  relatively  insoluble  in  water. 

Ground  Water  Volume  Requiring  Remediation 

The  total  ground  water  volume  to  be  remediated  may  affect  the  selection  of  the  best 
remediation  technology.  Estimates  of  flowrates  of  contaminated  ground  water  weUs  at 
Site  4  were  calculated  using  the  MOC  model  and  are  presented  in  Section  2.3. 

2.5.1. 2  Site  Characteristics.  Site  characteristics  that  influence  the  screening  and 
evaluation  of  alternatives  include: 

Location  and  Accessibility 

UMDA  is  located  in  a  rural  setting.  Site  4  is  located  in  the  east  -  central  portion  of  the 
installation.  Roads  are  located  adjacent  to  the  area  to  be  remediated.  There  are  no  severe 
space  limitations  imposed  by  structures  or  geophysical  barriers. 

Security 

UMDA  is  fenced  and  guarded  24  hours  a  day.  It  is  expected  that  UMDA  will  retain  its 
status  as  a  restricted-access  military  installation  at  least  through  the  1990s.  But  UMDA's 
presence  in  the  base  closure  program  indicates  that  UMDA  Site  4  ownership  and  access 
could  change  during  a  long-term  groundwater  treatment  remedy. 

Proximity  to  Potential  Receptors 

Military  and  civilian  personnel  assigned  to  UMDA  are  the  only  reasonable  nearby 
receptors  to  any  surface  contamination  at  this  time  because  of  the  limited  access  and 
distance  from  civilian  populations.  No  ground  water  receptors  exist  currently  because 
alluvial  ground  water  is  not  used  or  planned  to  be  used  at  UMDA. 

Resource  Availability 

Electrical  service  is  available  for  use  at  Site  4.  The  site  does  not  have  natural  gas  service. 
Water  can  be  supplied  from  the  installation  hydrant  system.  However,  the  substantial 
irrigation  needs  of  the  region  combined  with  the  semi-arid  climate  limit  the  acceptability 
of  remedial  action  alternatives  that  would  require  large  volumes  of  water.  Lined 
evaporation  basins  located  at  UMDA  are  available  to  dispose  of  limited  quantities  of 
wastewater.  These  ponds  were  originally  constructed  to  contain  well  purge  water  and 
decontamination  water  from  the  ground  water  monitoring  program. 

Surface  Conditions 

Site  4  is  partially  covered  by  the  two  explosive  washout  lagoons,  with  siurounding  areas 
covered  with  grasses  and  low  bmsh.  Some  areas  may  be  devoid  of  vegetation  due  to  past 
or  present  disposal  activities. 
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TaUo  2-13:  Physical  and  Chemical  Properties  of  the  Explosives 
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Geology 

A  description  of  the  site  geology  is  given  in  Section  1.2. 1.2,  Regional  and  Installation 
Setting. 

2.5.1. 3  Technology  Characteristics.  General  technology  characteristics  that 
contribute  to  technology  screening  and  evaluation  include: 

In  Situ  versus  Ex  Situ  Treatment 

For  ground  water  remediation,  in  situ  treatment  provides  the  advantage  of  implementing 
the  technology  without  having  to  pump  water  to  the  surface  or  excavate  the  soil,  thereby 
reducing  potential  for  exposure,  as  well  as,  in  some  instances,  reducing  costs.  However, 
in  situ  technologies  are  limited  by  the  need  to  be  able  to  perform  the  treatment  uniformly 
throughout  the  highly  mobile  ground  water  and,  equally  important,  by  the  need  to 
provide  evidence  of  completeness  and  permanence  of  the  remediation.  For  most  in  situ 
technologies,  effectiveness  is  very  dependent  on  site-specific  features  such  as  geology, 
hydrology,  soil  characteristics,  and  contaminant  characteristics. 

On-Site  versus  Off-Site  Treatment 

The  NCP  specifies  a  preference  for  on-site  remedies  as  opposed  to  off-site  remedies.  On¬ 
site  remediation  may  eliminate  the  need  to  apply  for  and  obtain  local,  state,  and  federal 
permits  -  although  it  does  not  preclude  meeting  the  substantive  requirements  of  the  permit 
regulations.  Other  advantages  of  on-site  remediation  include: 

•  The  waste  generator  retains  greater  control  of  the  waste  and  residues 

•  Costs  of  transportation  are  minimized 

•  Potential  for  spread  of  contamination  and  personal  exposure  are  reduced 

Costs  of  on-site  treatment  may  be  less  than  off-site  treatment  -  particularly  if  there  is  a 
sufficient  waste  volume.  In  cases  where  the  volume  of  waste  to  be  treated  is  small,  on 
site  treatment  costs  may  be  higher  than  off-site  because  of  the  costs  required  to  mobilize  a 
treatment  system  on  site. 

Off-site  treatment  and  disposal  relieves  the  waste  generator  of  the  responsibility  for 
meeting  the  substantive  requirements  for  waste  treatment  and  disposal  facilities. 

However,  the  generator  retains  future  liability  for  those  wastes  treated  off  site.  This 
liability  extends  to  treatment  residuals,  although  the  generator  has  little  control  over  the 
management  or  disposition  of  the  residuals. 

An  additional  disadvantage  of  off-site  treatment  over  on-site  treatment  is  the  increase  in 
short-term  risks  due  to  the  increased  potential  for  public  exposure  and  environmental 
damage  in  the  event  of  spills  or  mishaps  during  transportation  of  the  waste  off  site. 
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2.5.1. 4  Regulatory  Preferences.  Section  121(b)  of  CERCLA  mandates  that,  where 
possible,  remedies  that  "utilize  permanent  solutions  and  alternative  treatment  technologies 
or  resource  recovery  technologies  to  the  maximum  extent  practicable"  should  be  selected. 
Remedial  actions  in  which  treatment  "permanently  and  significantly  reduces  the  volume, 
toxicity,  or  mobility  of  hazardous  substances,  pollutants,  and  contaminants  as  a  principal 
element"  are  preferred.  This  regulatory  requirement  influences  the  selection  of  applicable 
remedial  technologies  and  must  be  factored  into  technology  screening  decisions. 

2.5.2  Preliminary  Screening 

Figure  2-9  shows  the  general  response  actions  presented  in  Section  2.2,  General 
Response  Actions,  as  well  as  possible  technologies  and  process  options.  The 
technologies  and  process  options  shown  were  selected  on  the  basis  of  previous 
experience  remediating  ground  water.  The  results  of  the  preliminary  screening  are  shown 
in  the  figure  by  the  shading  of  those  technologies  and  process  options  that  are  not 
applicable  to  the  cleanup  of  the  ground  water.  Comments  summarizing  the  reason  for 
rejection  are  provided  in  the  column  farthest  to  the  right. 

Technologies  and  process  options  were  initially  screened  by  assessing  whether  or  not 
they  were  conceptually  viable  with  respect  to  the  technical  capabilities,  regulatory 
preferences,  and  screening  criteria  presented  in  Section  2.5.1,  Criteria  for  Identification 
and  Screening  of  Remedial  Technologies.  A  brief  discussion  of  the  important  parameters 
and  rationale  behind  particular  screening  decisions  follows  and  is  broken  out  by  remedial 
technology. 

2.5.2.1  No  Action.  The  No  Action  alternative  does  not  reduce  human  exposure  or 
contaminant  toxicity,  mobility,  or  volume.  However,  as  required  by  the  NCP,  it  will  be 
carried  through  subsequent  screening  and  analysis  as  a  viable  option,  where  appropriate, 
to  provide  a  baseline  reference  point  for  review  and  comparison  of  various  alternatives. 

2.5.2.2  Institutional  Controls  -  Access  Restrictions.  Access  restrictions  are 
restrictions  imposed  on  access  to  property  or  on  the  uses  of  the  property.  Such 
restrictions  are  imposed  by  legal  instrument  (e.g.,  laws,  regulation,  owner-imposed 
restrictive  covenants  in  deeds).  Access  restrictions  may  be  used  for  environmental  or 
health  protection  concerns,  for  example,  by  restricting  the  placement  of  drinking  water 
wells  into  a  contaminated  aquifer.  Fencing  and  legal  restrictions  are  two  process  options 
that  are  considered  potentially  applicable  as  part  of  an  alternative  because  they  can  be  used 
to  limit  exposure  to  the  contamination  and  to  limit  pumping  of  ground  water. 

2.5.2.3  Institutional  Controls  -  Ground  Water  Monitoring  Program.  A  monitoring 
program  of  the  ground  water  wells  would  be  initiated  to  detect  changes  in  the  levels  of 
contamination.  Monitoring  is  not  a  suitable  remedial  technology  by  itself  because  it  does 
not  actively  prevent  exposure  to  contaminants,  nor  does  it  reduce  contaminant  toxicity, 
mobility,  or  volume.  However,  monitoring  is  commonly  selected  for  further 
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Eliminated  from  further  consideration 
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consideration  in  combination  with  other  remedies  as  a  means  to  evaluate  the  short-term 
impacts  and  long-term  effectiveness  of  those  remedies.  Therefore,  monitoring  is  retained 
for  further  evaluation. 

2.5.2.4  Containment  -  Site  Capping.  Capping  was  considered  for  remediation  of  the 
washout  lagoons  soils  operable  unit  and  was  not  considered  under  the  ground  water 
operable  unit. 

2.5. 2.5  Containment  -  Vertical  Barriers.  Vertical  barriers  are  subsurface,  low 
permeability  barriers  that  have  been  used  for  many  years  to  control  ground  water  flow. 

At  Site  4,  the  vertical  barriers  could  be  used  to  confine  the  ground  water  plume  away 
from  or  around  the  disposal  area  and  generally  control  the  potential  for  contaminant 
migration  through  the  soil  and/or  ground  water.  The  technical  difficulty  with  using 
vertical  barriers,  such  as  slurry  walls,  at  Site  4  is  the  porous  basalt  bedrock  that  is 
prevalent  in  the  study  area.  The  geologic  structure  of  the  bedrock  makes  it  technically 
infeasible  to  seat  the  vertical  barrier.  Without  a  good  seat,  the  ground  water  will  leak 
under  the  barrier,  and  the  barrier  will  not  contain  the  contamination  effectively. 

Therefore,  vertical  barriers  have  been  eliminated  from  further  consideration. 

2.5.2.6  Containment  -  Horizontal  Barriers.  Horizontal  barriers  are  subsurface,  low 
permeability  barriers  that  contain  contamination  from  migrating  vertically  and 
contaminating  the  underlying  aquifer.  These  barriers  have  been  used  for  years  in 
municipal  and  hazardous  waste  landfills  to  ensure  that  no  contamination  reaches  the 
environment.  At  Site  4,  this  type  of  barrier  would  be  ineffective  because  the 
contamination  was  discharged  into  lagoons  many  years  ago,  has  had  time  to  migrate,  and 
has  been  in  contact  with  the  ground  water  for  up  to  35  years.  A  horizontal  barrier  has, 
therefore,  been  eliminated  from  further  consideration. 

2.5.2.7  Collection.  A  common  consideration  for  remedial  design  engineering  is 
whether  to  construct  trenches  to  intercept  ground  water  for  treatment  or  to  install  closely 
spaced  ground  water  extraction  wells.  Both  systems  have  their  unique  advantages  but  at 
the  same  time,  are  both  usually  equally  capable  of  achieving  the  same  goal  of  ground 
water  interception.  Consequently,  both  systems  (process  options)  have  been  retained  for 
further  evaluation. 

Trench  interception  techniques  typically  consist  of  excavating  a  trench  using  a  backhoe 
or,  for  deeper  operations,  a  clamshell  bucket,  and  emplacing  a  slotted  pipe  and/or  gravel 
blanket  at  the  base  of  the  trench  and  backfilling  with  gravel.  The  gravel  base  or  perforated 
pipe  is  generally  sloped  slightly  to  allow  for  consolidation  of  the  intercepted  ground  water 
and/or  contaminants  at  one  side  of  the  trench,  usually  in  a  sump.  A  pipe  containing  a 
submersible  pump  extends  from  ground  surface  to  the  base  of  the  trench  or  to  the  slotted 
pipe.  A  submersible  pump  is  activated  to  remove  the  accumulated  liquids  from  the  trench 
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system.  Depending  on  the  trench  length,  it  may  be  necessary  to  have  several  pump-out 
locations. 

Extraction  wells,  that  are  designed  to  remediate  a  plume,  are  typically  installed  along  a 
line  parallel  to  the  ground  water  flow  when  used  to  remediate  ground  water.  The  wells 
are  generally  constructed  within  a  contamination  plume  using  auger,  cable  tool,  air  rotary 
or  mud  rotary  rigs  that  create  boring  in  which  the  well  screen,  casing,  screen  pack,  grout 
seal,  and  surface  casing  are  placed.  A  submersible  pump  is  placed  at  the  base  of  the  well 
and,  as  the  well  pumps,  a  ground  water  cone  of  depression  is  formed.  Closely  spaced 
wells  will  form  overlapping  cones  of  depression  that  can  dewater  affected  areas  and 
create  hydraulic  barriers  to  migration  of  contaminated  ground  water. 

2.5.2.8  In  Situ  Treatment  -  Physical-Chemical.  Physical  treatment  typically  involves 
the  transfer  of  contaminants  from  one  medium  to  another,  with  or  without  concentrating 
the  contaminant,  for  the  purpose  of  facilitating  final  treatment  or  disposal.  Three  in  situ 
physical/chemical  remedial  technologies  were  evaluated  for  use  at  Site  4: 

•  Air  sparging 

•  Steam  injection 

•  Permeable  treatment  beds 

Air  Sparging  and  Steam  Injection 

Air  sparging  and  steam  injection  are  similar  in  that  they  are  designed  to  volatilize  organic 
compounds  from  the  ground  water  through  the  injection  of  a  fluid  (air  or  steam)  and 
collect  VOCs  using  vapor  extraction.  These  processes  are  typically  used  at  sites  where  the 
ground  water  contaminants  are  present  in  high  concentrations.  The  only  difference 
between  the  two  technologies  is  that  steam  injection  uses  steam  or  hot  air  to  assist  in 
volatilizing  the  contaminants,  and  air  sparging  uses  ambient  air.  The  technologies  are 
considered  innovative,  and  as  such,  field  testing  data  as  to  their  ability  to  effectively 
remediate  contaminated  ground  water  are  limited.  Since  the  success  of  these  methods 
depends  on  the  volatilization  of  the  contaminants,  they  are  not  appropriate  for  the 
contaminants  at  Site  4.  Air  sparging  and  steam  injection  in  situ  treatment  relying  on  the 
volatilization  of  contaminants  are  therefore  eliminated  from  further  consideration. 

Permeable  Treatment  Beds 

Permeable  treatment  beds  are  trenches  filled  with  activated  carbon  that  the  ground  water 
must  pass  through.  They  are  used  mainly  in  situations  where  the  contamination  in  the 
ground  water  is  dilute  or  the  volume  is  small,  and  the  depth  to  the  ground  water  is 
relatively  shallow.  At  Site  4,  the  permeable  beds  option  would  not  be  effective  because 
the  size  of  the  contaminated  plume  is  extremely  large  and  would  require  the  construction 
of  large  very  deep  trenches  and  installation  of  significant  amounts  of  activated  carbon.  In 
addition,  the  plume  changes  direction  twice  a  year  in  response  to  irrigation  drawdown 
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which  would  require  placement  of  the  carbon  beds  in  at  least  two  locations.  The 
permeable  treatment  beds  are  therefore  eliminated  from  further  consideration. 

2.5.2.9  In  Situ  Treatment  -  Biological.  The  use  of  aerobic  or  anaerobic 
microorganisms  to  degrade  contaminants  in  ground  water  is  a  potentially  effective  method 
for  reducing  the  toxicity  and  mobility  of  explosive  compounds.  The  two  processes 
operate  on  the  similar  principle  of  adding  nutrients  and  bacteria  to  the  aquifer  to  enhance 
the  locally  available  biological  activity.  Aerobic  systems  add  oxygen  and  nutrients  to  the 
environment,  and  the  bacteria  use  the  contaminants  for  energy  and  growth,  converting 
them  to  additional  bacteria  or  carbon  dioxide  and  water.  Anaerobic  systems  operate  in 
several  different  ways,  from  the  addition  of  only  nutrients  or  of  methane  and  nutrients; 
however,  the  objective  of  each  process  is  to  enhance  the  reduction  of  the  contaminants  to 
nonhazardous  compounds.  Bioremediation  is  considered  potentially  applicable  at  Site  4 
for  the  remediation  of  the  explosives  and  is  therefore  retained  for  further  consideration. 

2.5.2.10  Ex  Situ  Treatment  -  Physical-Chemical.  Physical  treatment  typically 
involves  the  transfer  of  contaminants  from  one  medium  to  another,  with  or  without 
concentrating  the  contaminant,  for  the  purpose  of  facilitating  final  treatment  or  disposal. 
Qiemical  treatment  involves  the  addition  of  a  chemical  (e.g.,  ozone,  hydrogen  peroxide) 
that  causes  the  oxidation  or  reduction  of  the  contaminant  to  form  nonhazardous 
compounds  that  can  be  released  to  the  environment.  In  the  prehminary  evaluation,  five 
physical  treatment  technologies  were  reviewed: 

•  Air  Stripping 

•  Carbon  Adsorption 

•  Ion  Exchange 

•  Metal  Precipitation 

•  Steam  Stripping 

In  addition,  two  chemical  treatment  technologies  were  reviewed: 

• .  Photocatalytic  Oxidation 

•  Ultraviolet  Light  (UV)/C)xidation 

Air  Stripping 

Air  stripping  operates  by  stripping  volatile  compounds  from  the  water  into  a  gas  stream. 
Contaminants  are  not  destroyed  by  air  stripping,  but  are  physically  separated  from  the 
aqueous  solution.  Contaminant  vapors  are  transferred  into  the  air  stream  and,  then 
depending  on  the  concentration,  treated  by  incineration,  adsorption,  or  catalytic 
oxidation.  At  Site  4,  there  are  no  volatile  contaminants  that  could  be  removed  from  the 
ground  water.  Therefore,  air  stripping  has  been  ehminated  from  further  consideration. 


RCB.67062.43.OU3.12/93 


2-87 


2.0  Identification  and  Screening  of  Technologies 


Carbon  Adsorption 

Granular  activated  carbon  (GAC)  treatment  is  a  physical  process  that  removes  a  wide 
variety  of  contaminants  by  adsorbing  them  from  the  ground  water  stream.  The 
contaminant  adsorbs  to  the  surface  of  the  carbon  until  the  GAC  becomes  exhausted  (the 
contaminant  of  concern  breaks  through  the  carbon  bed).  When  the  GAC  is  exhausted,  it 
can  either  be  incinerated  in  a  furnace  at  high  temperatures  where  the  contaminants  are 
thermally  oxidized;  regenerated  by  steam  desorption  of  the  contaminants  from  the  carbon 
followed  by  additional  treatment  of  the  contaminants;  or  disposed  of  as  a  hazardous 
waste.  GAC  has  proven  effective  for  all  of  the  explosive  contaminants  at  Site  4.  Carbon 
adsorption  is  therefore  retained  for  further  evaluation.  The  performance  of  carbon  should 
be  unaffected  by  metals  in  the  ground  water.  Metals  removal  is  not  expected  to  be 
needed. 

Ion  Exchange 

Ion  exchange  like  GAC  treatment  is  a  physical  process  that  removes  low  concentration 
ionic  compounds  by  adsorbing  them  from  the  ground  water  stream.  The  ionic 
contaminants  are  bound  to  the  ion  exchange  resin  by  a  charged  site  that  has  the  opposite 
charge  of  the  contaminant  to  be  removed.  When  all  the  charged  sites  are  loaded,  the  resin 
is  exhausted  and  must  be  regenerated.  Regeneration  is  performed  by  passing  a 
concentrated  ionic  solution  through  the  resin  to  exchange  with  the  contaminants.  The 
contaminants  are  then  retained  in  the  regenerant  in  a  much  more  concentrated  form  than  in 
the  ground  water.  The  contaminants  can  then  be  recovered  or  precipitated  and  disposed  of 
as  a  hazardous  waste.  The  large  volume  of  ground  water  to  be  treated  and  the  high 
concentration  of  contaminants  will  cause  the  active  resin  time  to  be  very  low;  therefore, 
for  practical  purposes,  ion  exchange  was  eliminated  from  further  consideration.  Also, 
this  process  would  remove  only  metals  and  this  would  be  a  pretreatment  for  explosives 
removal  methods  sensitive  to  metals. 

Metal  Precipitation 

Metal  precipitation  from  contaminated  water  involves  the  conversion  of  soluble  heavy 
metal  salts  to  insoluble  salts  that  will  precipitate.  The  precipitate  can  then  be  removed 
from  the  treated  water  by  physical  methods  such  as  clarification  and/or  filtration.  The 
heavy  metal  precipitation  is  simple,  involving  the  addition  of  chemical  reagents  to  adjust 
the  pH  of  the  contaminated  water.  Common  reagents  include: 

•  Alkalis  such  as  lime,  caustic  soda,  or  magnesium  hydroxide  slurries  to  precipitate 
metal  hydroxides. 

•  Sulfides  such  as  sodium  sulfide  or  ferrous  sulfide  slurries  to  precipitate  metal 
sulfides. 

•  Precipitation  of  metals  by  xanthates  is  a  new  process.  Xanthates  are  a  family  of 
compounds  prepared  by  reacting  an  organic  hydroxyl-containing  compound  with 
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scxiium  hydroxide  and  carbon  disulfide.  The  resulting  sodium  xanthate  reacts  with 
metals  to  form  insoluble  metal  xanthates  in  much  the  same  way  that  sodium  sulfide 
forms  metal  sulfides. 

All  three  metal  precipitation  processes  are  considered  applicable  to  Site  4  and  are  retained 
for  further  evaluation.  This  process  would  remove  metals  only  and  would  thus  be  used 
as  a  pretreatment  step  for  technologies  that  remove  explosives. 

Steam  Stripping 

Steam  stripping  operates  by  stripping  volatile  and  some  semivolatile  compounds  from  the 
water  into  the  gas  stream.  Contaminants  are  not  destroyed  by  steam  stripping,  but  are 
physically  separated  from  the  aqueous  solution.  Contaminant  vapors  are  transferred  into 
the  air  stream  and,  then  depending  on  the  concentration,  treated  by  incineration, 
adsorption,  or  catalytic  oxidation.  At  Site  4,  the  contaminants  are  all  nonvolatile, 
therefore,  steam  stripping  has  been  eliminated  from  further  consideration. 

Photocataiytic  Oxidation 

Photocatalytic  oxidation  is  a  photochemical  process  that  oxidizes  contaminants  in  a 
ground  water  stream  to  carbon  dioxide  and  water.  The  photocatalytic  process  is 
performed  by  exposing  the  ground  water  to  sunlight  in  the  presence  of  a  catalyst,  titanium 
dioxide.  The  catalyst  absorbs  the  high-energy  photons,  and  reactive  chemicals  known  as 
hydroxyl  radicals  are  formed.  These  radicals  are  powerful  oxidizers  that  break  down  the 
contaminant  molecule.  This  technology,  however,  is  still  in  its  early  development  stage 
and  has  not  been  tested  on  a  waste  stream  with  explosives.  It  has  therefore  been 
eliminated  from  further  consideration. 

UV/Oxidation 

UV/oxidation  is  a  method  of  destroying  organic  contaminants  in  water  by  UV-catalyzed 
reactions  with  strong  oxidizers  such  as  hydrogen  peroxide  and/or  ozone.  Chemical 
oxidation  of  the  contaminants  occurs  when  the  contaminant  is  allowed  to  react  with  a 
strong  oxidizer.  Although  strong  oxidizers  themselves  can  render  contaminants  less 
toxic,  the  rate  of  the  oxidation  reactions  is  significantly  increased  through  the  addition  of 
UV  light  UV/oxidation  has  been  successfully  tested  with  many  of  the  explosives  (ICF 
Kaiser  Engineers,  1993)  found  in  the  Site  4  ground  water.  The  presence  of  background 
metals  in  the  ground  water  will  require  that  another  technology,  such  as  metals 
precipitation,  be  implemented  in  combination  with  UV/oxidation.  This  is  necessary 
because  metals  will  physically  deposit  onto  the  UV  quartz  tube  causing  a  rapid  decrease 
in  the  efficiency  of  the  UV/oxidation  method.  UV/oxidation  has  been  retained  for  further 
evaluation. 

2.5.2.11  Ex  Situ  Treatment  -  Thermal.  Thermal  treatment  involves  oxidation  at 
elevated  temperatures  of  combustible  organic  compounds,  or  the  volatilization  of  the 
contaminants  at  temperatures  above  ambient  followed  by  the  treatment  of  the  volatilized 
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contaminants  by  carbon  adsorption,  catalytic  oxidation,  or  combustion  in  an  afterburner. 
Three  prcoess  options  were  considered  (incineration,  wet  air  oxidation,  and  supercritical 
water  oxidation)  for  thermal  treatment  of  the  ground  water,  and  all  three  technologies 
were  eliminated  because  of  the  dilute  nature  of  the  ground  water  and  the  large  volume  of 
ground  water.  Also,  incineration  would  be  very  costly  due  to  the  need  to  evaporate  all  of 
the  extracted  ground  water  and  supercritical  water  oxidation  has  not  been  shown  to  be 
effective  on  explosives. 

2.5.2.12  Ex  Situ  Treatment  -  Biological.  Both  aerobic  and  anaerobic  ex  situ 
biological  processes  were  considered  for  the  treatment  of  the  ground  water  at  Site  4. 
These  biological  pixxesses  have  numerous  reactor  designs  and  slight  variations  on  the 
operating  parameters;  therefore,  one  design  was  selected  for  each  condition  to  be  used  for 
screening. 

Aerobic 

For  the  aerobic  condition,  a  packed  bed  upflow  column  was  assumed.  This  system, 
packed  with  GAC,  is  an  innovative  system  that  has  proven  effective  in  the  treatment  of 
wastewater  and  ground  water  streams  where  low  contaminant  discharge  levels  are 
required.  The  water  stream  is  fed  into  the  bottom  of  the  bed,  and  the  contaminants  are 
absorbed  into  the  biomass  and  onto  the  GAC.  The  bacteria  metabolize  the  absorbed 
contaminants  in  the  biomass  and  on  the  GAC.  This  process  regenerates  the  GAC  and 
allows  it  to  continue  to  absorb  contaminants.  The  ability  of  the  bacteria  to  regenerate  the 
GAC  has  not  been  proven  in  a  full-scale  test,  and  basic  research  is  still  being  performed 
to  determine  the  regenerative  capacity  of  the  biomass.  However,  even  without 
regeneration,  the  biological  packed  bed  has  been  shown  to  provide  aerobic  treatment  for  a 
number  of  the  contaminants  at  Site  4  and  has  therefore  been  retained  for  further 
consideration. 

Anaerobic 

The  anaerobic  system  considered  in  this  FS  is  an  upflow  suspended  bed  reactor.  The 
contaminated  ground  water  is  passed  up  through  a  high  concentration  of  bacteria  growing 
on  suspended  media.  The  bacteria  adsorb  the  contaminants  and  degrade  them  under  a 
reducing  environment.  This  type  of  process  has  been  tested  largely  in  the  laboratory 
under  controlled  conditions  and  has  not  been  proven  in  the  field.  Because  of  the 
preliminary  stage  of  development  and  the  lack  of  field  tests  with  the  explosive  wastes 
found  at  Site  4,  this  system  has  been  eliminated  from  further  consideration. 

2.5.2.13  Ex  Situ  Treatment  -  Off-Site.  Off-site  treatment  requires  the  collection  and 
the  transport  of  the  ground  water  to  an  off-site  facility  for  treatment  and/or  disposal.  This 
option  can  be  performed  in  two  ways:  to  discharge  the  ground  water  to  the  municipal 
publicly  owned  treatment  works  (POTW),  or  to  collect  the  ground  water  and  transport  it 
off  site  to  a  licensed  RCRA  facility. 
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At  Site  4,  the  disposal  of  the  untreated  ground  water  to  a  POTW  would  not  be  possible 
for  two  reasons: 

•  There  is  no  POTW  connection  within  a  reasonable  distance  of  the  site,  making  the 
piping  of  the  ground  water  to  a  POTW  both  technically  and  administratively 
infeasible. 

•  The  discharge  of  the  water  off  site  may  lead  to  a  lowering  of  the  water  level  in  the 
aquifer.  This  would  be  a  concern  because  of  the  off-site  inigation  requirements 
placed  on  the  aquifer. 

The  disposal  of  the  ground  water  at  a  licensed  RCRA  facility  would  also  be  infeasible 
because  it  would  lower  the  aquifer  level.  In  addition,  the  ground  water  contamination  is 
dilute,  which  would  create  a  potential  for  multi-year  treatment.  This  would  necessitate 
disposing  of  a  quantity  of  water  off  site,  which  would  not  be  economically  feasible. 
Therefore,  the  disposal  of  the  untreated  ground  water  at  a  RCRA  facility  is  eliminated 
from  further  consideration.  The  elimination  of  the  disposal  of  the  ground  water  at  a 
RCRA  facility  does  not,  however,  eliminate  the  use  of  the  RCRA  facihty  for  highly 
concentrated  liquid  wastes  or  treatment  residuals  that  cannot  be  disposed  of  in  the  on-site 
treatment  processes. 

2.5.2.14  Discharge  •  On-Site.  Two  alternatives  for  the  on-site  discharge  of  treated 
ground  water  were  considered  for  Site  4:  discharge  of  the  treated  ground  water  to  the 
Explosive  Washout  Lagoons;  and  upgradient  of  the  contamination.  The  discharge  of  the 
ground  water  to  the  Explosive  Washout  Lagoons  will  help  to  flush  out  any  remaining  soil 
contaminants  and  reduce  the  chance  of  future  aquifer  contamination  due  to  long-term  soil 
leaching.  This  option  is  not  required  to  ensure  the  soil  or  ground  water  remedy  is 
protective,  but  is  thought  to  enhance  the  soil  source  removal  at  a  minimal  additional  cost. 
The  upgradient  reinjection  of  the  treated  ground  water  would  not  affect  the  remaining 
contamination  in  the  soil  but  might  enhance  the  remediation  of  the  contamination  in  the 
ground  water  by  increasing  the  ground  water  flow  upgradient  of  the  plume.  Reinjection 
of  the  treated  ground  water  upgradient  of  the  contamination  and  discharge  of  treated 
ground  water  to  the  Explosive  Washout  Lagoons  are  both  considered  to  be  technically 
and  administratively  feasible.  Consequently,  both  options  are  retained  for  further 
evaluation. 

2.5.2.15  Discharge  -  Off-Site.  Discharge  of  the  treated  ground  water  to  an  off-site 
POTW  has  been  eliminated  for  the  same  reasons  that  the  discharge  of  untreated  ground 
water  to  a  POTW  was  eliminated  (see  discussion  under  Ex  Situ  Treatment  -  Off-Site). 
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2.5.3  Finai  Evaiuation  and  Screening  of  Process  Options 

Figure  2-10  shows  the  general  response  actions,  technologies  and  process  options 
remaining  after  the  prehminary  screening.  These  technologies  and  process  options  were 
then  evaluated,  in  greater  detail,  according  to  the  criteria  of  effectiveness, 
implementability,  and  cost.  Brief  descriptions  of  each  of  these  criteria  are  presented 
below.  The  effectiveness  of  the  process  options  were  evaluated  based  on:  (1)  the 
potential  effectiveness  of  the  process  option  in  handling  the  estimated  volume  of  ground 
water  and  meeting  the  remedial  action  objectives;  (2)  the  ability  to  minimize  or  eliminate 
the  potential  impacts  to  human  health  and  the  environment  during  the  constmction  and 
implementation  phase;  and  (3)  how  proven  and  rehable  the  process  is  with  respect  to  the 
contaminants  and  conditions  at  the  site. 

The  implementability  of  the  process  option  encompasses  both  the  technical  and 
administrative  feasibility  of  implementing  the  option.  Technical  implementability  was  the 
major  criterion  used  for  screening  the  process  options  in  the  preliminary  screening  to 
eliWiate  those  that  were  clearly  not  applicable  to  the  contaminants  or  the  contaminated 
media.  Therefore,  this  evaluation  places  greater  emphasis  on  the  institutional  aspects  of 
implementability,  such  as  the  abihty  to  obtain  necessary  permits  for  off-site  actions;  the 
availability  of  treatment,  storage,  and  disposal  services;  and  the  availability  of  skilled 
workers  to  implement  the  technology. 

The  cost  evaluation  plays  a  limited  role  in  the  screening  of  process  options.  The  costs  that 
are  developed  are  relative  in  nature  and  not  detailed.  These  costs  are  usually  developed 
based  on  engineering  judgment,  and  each  process  is  evaluated  as  to  whether  costs  are 
high,  medium,  or  low  with  respect  to  the  other  process  options. 

An  evaluation  of  each  of  the  response  actions  according  to  these  evaluation  criteria 
follows. 

2.5.3.1  No  Action.  The  No  Action  response  involves  no  technology,  requires  no 
implementation,  is  not  effective  in  reducing  toxicity,  mobility,  or  volume  of  the  waste, 
and  incurs  no  direct  cost  Some  natural  degradation  of  organics  might  occur,  however  the 
rate  of  recovery  is  expected  to  be  slow.  This  alternative  is  included  as  a  requirement  of 
the  NCP  and  provides  a  baseline  for  comparison  with  the  other  technologies. 

2.5.3.2  Institutional  Controls  -  Access  Restrictions.  Two  types  of  institutional 
controls  have  been  considered  for  the  remediation  of  the  ground  water  at  the  Explosive 
Washout  Lagoons.  The  first  is  a  state  or  local  legal  restriction  in  the  study  area  where 
contaminated  ground  water  has  been  found.  This  legal  restriction  would  have  three 
purposes: 

•  Access  restriction  to  the  site  to  prevent  direct  human  exposure  to  contaminants 
through  legal  limitations  on  who  may  conduct  activities  at  the  site. 
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•  Land  use  restriction  at  the  site  to  prevent  future  residential  development  where 
contaminants  in  the  ground  water  are  at  concentrations  greater  than  the  preliininary 
remedial  goals. 

•  Ground  water  restrictions  to  prohibit  the  installation  of  new  wells  in  the  contaminated 
portion  of  the  plume  and  through  the  plume  into  the  deep  bedrock  below  the 
contamination.  These  restrictions  may  have  to  be  expanded  in  the  future  to  include 
restrictions  on  the  existing  ground  water  wells  if  any  of  the  existing  wells  are  found 
to  be  contaminated  in  excess  of  the  preliminary  remedial  goals. 

Possible  restrictions  could  be  placed  on  the  installation  of  shallow  irrigation  wells  near 
the  plume  where  they  could  disrupt  known  plume  movement  and  the  efficiency  of  the 
remediation.  No  restrictions  are  thought  to  be  needed  on  off-post  wells  due  to  their  large 
distances  from  the  site. 

The  legal  restrictions  would  be  maintained  until  the  preliminary  remedial  goals  are  met  or 
the  site  is  determined  not  to  pose  a  threat  to  human  health  or  the  environment. 

The  second  form  of  institutional  control  would  be  fencing  or  another  form  of  barrier  to 
limit  access  to  the  contaminated  areas  of  the  site  where  there  is  a  potential  for  direct 
exposure  to  the  contamination.  There  is  currently  a  fence  around  UMDA  and  access  to  the 
site  is  limited;  however,  if  the  site  is  released  to  the  general  public,  a  fence  would  not  be 
necessary  to  ensure  that  incidental  contact  with  ground  water  is  avoided  because  the 
ground  water  is  at  depth,  and  does  not  breach  the  surface. 

Effectiveness 

The  area  of  the  site  that  would  require  legal  restrictions  is  fairly  large;  however,  it  would 
be  possible  to  effectively  implement  the  access  restrictions  at  Explosive  Washout 
Lagoons.  In  addition  there  would  be  no  short-term  impact  to  human  health  or  the 
environment  while  the  controls  were  installed.  Modeling  has  shown  that  natural 
attenuation  will  be  an  extremely  long-term  process.  The  difficulty  with  the  institutional 
controls  is  that  they  will  not  effectively  reduce  the  long-term  risk  associated  with  the 
ground  water  at  the  site,  and  they  do  not  provide  any  reduction  in  the  mobility,  toxicity, 
or  volume  of  the  contamination.  While  the  institutional  controls  do  not  provide  long-term 
risk  reduction  they  do  provide  a  short-term  reduction  in  the  potential  for  humans  to  come 
into  contact  with  the  contamination;  however,  the  EPA  does  not  consider  institutional 
controls  to  be  an  effective  means  of  remediating  ground  water  contamination  because  the 
ground  water  is  not  returned  to  its  beneficial  use  in  a  reasonable  time  frame. 

Implementation 

Technically  there  is  no  reason  that  the  institutional  controls  cannot  be  implemented  at  Site 
4;  however,  administratively  there  is  the  necessity  for  the  State  of  Oregon,  Umatilla  and 
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Morrow  Counties,  or  the  Army  to  provide  the  legal  means  for  implementing  the  controls 
and  to  ensure  that  they  are  enforced. 

Cost 

The  cost  of  the  legal  restrictions  would  be  low. 

Summary 

Institutional  controls  would  not  be  an  effective  long-term  control  for  the  site  and  do  not 
provide  any  reduction  in  the  mobility,  toxicity,  or  volume  of  the  contamination.  The  NCP 
has  a  stated  expectation  that  contaminated  ground  water  be  restored  to  its  beneficial  use; 
therefore,  institutional  controls  have  been  eliminated  as  a  primary  remedial  alternative. 
Although  the  controls  have  been  eliminated  as  a  primary  alternative  they  will  still  be 
necessary  to  prevent,  to  the  extent  practicable,  human  contact  with  the  contamination 
while  the  site  is  being  remediated. 

2.5.3.3  Institutional  Controls  -  Monitoring.  A  monitoring  program  of  the  ground 
water  wells  would  be  continued  to  ensure  that  the  contamination  does  not  move  off  the 
UMDA  site. 

Effectiveness 

Monitoring  is  not  a  suitable  remedial  technology  by  itself  because  it  does  not  actively 
prevent  exposure  to  contaminants,  nor  does  it  reduce  contaminant  toxicity,  mobility,  or 
volume.  However,  monitoring  is  commonly  selected  for  further  consideration  in 
combination  with  other  remedies  as  a  means  to  evaluate  the  short-term  impacts  and  long¬ 
term  effectiveness  of  those  remedies. 

Implementation 

Monitoring  of  the  ground  water  wells  would  not  be  technically  or  administratively 
difficult  to  implement. 

Cost 

The  cost  for  monitoring  the  ground  water  wells  should  be  moderate  and  be  controlled  by 
careful  selection  of  which  wells  to  monitor. 

Summary 

Monitoring  is  not  a  suitable  remedial  technology  by  itself  because  it  does  not  actively 
prevent  exposure  to  contaminants,  nor  does  it  reduce  contaminant  toxicity,  mobility,  or 
volume.  However,  monitoring  is  essential  for  the  evaluation  of  short-term  impacts  and 
long-term  effectiveness  of  remedial  alternatives  and  to  ensure  that  human  health  and  the 
environment  are  being  protected.  Therefore,  monitoring  has  been  retained  for  further 
evaluation. 
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2.5.3.4  Collection.  A  common  consideration  for  remedial  design  engineering  is 
whether  to  construct  trenches  to  intercept  ground  water  for  treatment  or  to  install  closely 
spaced  ground  water  extraction  weUs.  Both  systems  have  their  unique  advantages; 
however,  both  are  usually  capable  of  achieving  the  same  goal  of  ground  water 
interception. 

Trench  interception  techniques  typically  consist  of  excavating  a  trench  using  a  backhoe 
or,  for  deeper  operations,  a  clamshell  bucket,  and  emplacing  a  slotted  pipe  and/or  gravel 
blanket  at  the  base  of  the  trench  and  backfilling  with  gravel.  The  gravel  base  or  perforated 
pipe  is  generally  sloped  slightly  to  allow  for  consolidation  of  the  intercepted  ground  water 
and/or  contaminants  at  one  end  of  the  trench,  usually  in  a  sump.  A  pipe  containing  a 
submersible  pump  extends  from  ground  surface  to  the  base  of  the  sump  to  the  slotted 
pipe.  A  submersible  pump  is  activated  to  remove  the  accumulated  liquids  from  the  trench 
system.  Depending  on  the  trench  length,  it  may  be  necessary  to  have  several  pump-out 
locations. 

The  advantage  of  a  trench  system  is  that  it  allows  for  visual  inspection  of  the  subsurface 
as  the  trench  is  excavated,  and  it  ensures  that  the  entire  cross  section  of  aquifer  is  actually 
intercepted.  The  disadvantages  of  a  trench  system  are  that  at  great  depths,  it  becomes  cost 
prohibitive  compared  to  wells;  there  are  technical  limitations  on  excavation  depths  and 
geologic  formations  that  can  be  readily  penetrated;  below  the  water  table,  it  will  be 
difficult  to  excavate;  and  the  open  hole  during  excavation  can  be  dangerous  if  someone 
falls  into  it,  or  the  walls  collapse. 

Extraction  wells  designed  to  remediate  a  plume,  are  typically  installed  within  the  plume 
often  along  a  line  parallel  to  the  ground  water  flow.  The  wells  are  generally  constructed 
using  auger,  cable  tool,  air  rotary  or  mud  rotary  rigs  that  create  a  boring  in  which  the  well 
screen,  casing,  screen  pack,  grout  seal,  and  surface  casing  are  placed.  A  submersible 
pump  is  placed  at  the  base  of  the  well  and,  as  the  well  pumps,  a  ground  water  cone  of 
depression  is  formed.  Closely  spaced  wells  will  form  overlapping  cones  of  depression 
that  can  dewater  the  affected  areas. 

The  disadvantages  of  extraction  wells  are  that  little  information  is  learned  about  the 
subsurface  in  comparison  to  trenches;  vast  changes  in  hydraulic  conductivity,  such  as  a 
major  fracture  between  wells,  will  be  difficult  to  dewater,  and  competing  cones  of 
depression  may  form  stagnation  zones.  The  advantages  are  that  it  is  cost  effective 
compared  to  trenches  at  greater  depths  and  in  competent  formations,  and  may  be  the  only 
viable  technology  for  drainage  more  than  a  few  feet  below  the  water  table. 

Effectiveness 

Both  process  options  would  be  effective  for  the  interception  of  the  contaminated  plume  at 
UMDA,  but  the  interceptor  trench  may  provide  less  uncertainty  with  regard  to  its  ability 
to  contain  the  area  because  it  allows  for  the  inspection  of  the  subsurface. 
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Implementation 

The  extraction  wells  would  be  much  easier  to  implement  at  UMDA  because  of  the  lateral 
extent  of  the  plume  and  the  depth  of  the  contamination.  The  installation  of  an  interceptor 
trench  would  require  the  excavation  of  a  large,  very  deep  (e.g.,  50  to  100  feet)  trench  in 
order  to  ensure  that  all  the  ground  water  was  intercepted. 

Cost 

The  cost  of  the  extraction  well  system  would  be  much  less  than  the  cost  of  the  interceptor 
trench  system  because  of  the  lateral  extent  of  the  plume  and  the  depth  of  the 
contamination. 

Summary 

For  the  remediation  of  the  ground  water  at  the  Explosive  Washout  Lagoons,  extraction 
wells  would  be  the  preferred  process  option  for  long-term  dewatering.  Extraction  wells 
will  be  more  cost  effective  to  install  to  depths  on  average  of  30  feet,  and,  although 
hydraulic  variations  do  occur,  they  should  not  be  severe  enough  to  create  a  ground  water 
interception  problem.  If,  however,  extraction  wells  are  found  to  be  inappropriate  during 
remedial  design  then  interception  trenches  should  be  considered. 

2.5.3.5  Treatment,  In  Situ  -  Aerobic  Bloremediatlon.  In  situ  aerobic  degradation  of 
the  contaminants  in  the  ground  water  is  performed  by  extracting  the  ground  water,  adding 
nutrients  (e.g.,  nitrogen,  phosphorous,  oxygen)  and  in  some  cases  bacteria  and 
reinjecting  the  ground  water  back  into  the  aquifer  with  air  or  oxygen.  The  injected 
nutrients  and  bacteria  once  in  the  ground  water  oxidize  the  contaminants  to  form  carbon 
dioxide  and  water.  Aerobic  bioremediation  is  a  relatively  simple  process,  but  its  actual 
effects  on  the  explosives  of  concern  are  difficult  to  predict  and  have  only  recently 
improved  as  more  actual  field  tests  have  been  performed. 

Effectiveness 

The  effectiveness  of  using  aerobic  bacteria  to  degrade  the  explosives  is  unknown  due  to 
the  limited  field  data  on  the  process. 

Implementability 

Technical  implementation  of  aerobic  bioremediation  is  a  concern  for  the  treatment  of  the 
ground  water  at  the  Explosive  Washout  Lagoons  because  of  the  large  volume  of  the 
ground  water  that  needs  to  be  treated.  The  administrative  implementation  of  aerobic 
bioremediation  does  not  appear  to  be  a  concern. 

Cost 

The  cost  of  implementing  aerobic  biodegradation  would  be  relatively  low  in  that  there  is 
not  a  significant  amount  of  equipment  that  would  be  needed.  The  cost,  however,  would 
be  increased  due  to  the  need  for  a  field  demonstration  of  the  technology. 
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Summary 

This  process  option  has  been  eliminated  from  further  consideration  because  the 
effectiveness  of  the  aerobic  bioremediation  in  degrading  the  explosive  contaminants  is 
uncertain  due  to  the  limited  field  experience  with  the  process. 

2.5.3.6  Treatment,  In  Situ  -  Anaerobic  Bioremediation.  Anaerobic  bioremediation 
operates  in  a  manner  very  similar  to  the  operation  of  an  aerobic  remediation  system.  The 
ground  water  is  extracted,  nutrients  are  added,  and  the  ground  water  is  reinjected  into  the 
aquifer.  The  major  difference  is  that  no  oxygen  is  added  to  the  ground  water. 

Effectiveness 

Some  level  of  natural  biological  degradation  of  the  contamination  at  Site  4  is  likely 
currently  occurring,  but  as  can  be  seen  by  the  continued  sampling  history  at  the  site  the 
process  is  quite  slow.  Enhancement  of  this  process  through  the  addition  of  nutrients  may 
increase  the  degradation  rate;  however,  because  of  the  uncertainty  surrounding  the 
effectiveness  of  the  anaerobic  process  a  field  test  program  would  be  needed. 

impiementability 

Technical  implementation  of  anaerobic  bioremediation  is  a  concern  for  the  treatment  of  the 
ground  water  at  the  Explosive  Washout  Lagoons  because  of  the  large  volume  of  the 
ground  water  that  needs  to  be  treated.  The  administrative  implementation  of  anaerobic 
bioremediation  does  not  appear  to  be  a  problem. 

Cost 

■nie  cost  of  implementing  anaerobic  biodegradation  would  be  relatively  low  in  that  there 
is  not  a  significant  amount  of  equipment  that  would  be  needed.  The  cost,  however, 
would  be  increased  due  to  the  need  for  a  field  demonstration  of  the  technology. 

Summary 

This  process  option  has  been  eliminated  from  further  consideration  because  the 
effectiveness  of  the  anaerobic  process  in  degrading  the  explosive  contaminants  in  situ  to  a 
less  harmful  compound  is  uncertain  due  to  the  limited  field  experience  with  the  process. 

2.5.3.7  Treatment,  Ex  Situ  -  Carbon  Adsorption.  Activated  carbon  adsorption  is  a 
process  by  which  contaminants  become  physically  and/or  chemically  attached  to  the 
surface  of  the  carbon  particles  and  are  thereby  removed  from  the  gaseous  or  liquid 
stream,  which  passes  through  the  carbon  material  unchanged.  As  such,  carbon 
adsorption  is  a  removal,  not  a  destruction,  technology.  Activated  carbon  is  made  from  a 
char  of  wood  or  coal  and  is  "activated"  by  exposure  to  an  oxidizing  gas  at  high 
temperature.  The  activation  process  creates  a  porous  structure  within  the  carbon,  resulting 
in  a  carbon  material  with  a  very  high  surface  area  to  weight  ratio.  The  surface  properties 
of  the  activated  carbon,  which  are  critical  to  its  ability  to  adsorb  contaminants,  are  a 
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function  of  the  initial  carbon  source  and  the  activation  process.  Activated  carbon  may  be 
granular  (particle  diameter  >0.1  mm)  or  powdered  (diameter  <  200  mesh). 

Typical  granular  activated  carbon  (GAC)  systems  consist  of  a  fixed  bed  column 
containing  the  GAC  material  through  which  the  contaminated  media  (liquid  or  gas)  is 
passed,  either  in  an  upflow  or  downflow  mode.  Often,  multiple  columns  are  arranged  in 
series  or  in  parallel  to  achieve  treatment  and  reduce  or  eliminate  downtime.  Design 
information  for  GAC  systems  include  contact  time,  bed  depth,  carbon  dosage,  and  pre¬ 
treatment  requirements  (e.g.,  metals  or  suspended  solids  removal).  Powdered  activated 
carbon  is  generally  added  directly  to  tanks  of  contaminated  water  with  mixing  followed 
by  settling  to  achieve  contaminant  removal. 

The  amount  of  a  contaminant  that  can  be  removed  by  GAC  is  determined  by  the 
adsorption  capacity  of  the  activated  carbon.  When  the  adsorption  capacity  is  attained,  the 
carbon  bed  will  not  adsorb  additional  material  and  the  bed  is  considered  to  be  “broken 
through”  for  that  contaminant.  When  this  occurs  the  "spent"  carbon  in  the  column  must 
be  removed  and  either  replaced  with  fresh  material  or  regenerated  by  burning  off  the 
contaminants.  The  spent  carbon  and  contaminants  may  be  thermal  destroyed. 

A  variety  of  factors  can  affect  the  adsorption  capacity  of  activated  carbon:  compound 
solubility  (inversely  related  to  adsorption  capacity);  temperature  (inversely  related);  and 
pH  (organic  acids  adsorb  better  at  low  pH,  amino  compounds  adsorb  better  under  high 
pH).  In  addition,  chemical  properties  can  also  affect  adsorption;  high  molecular  weight 
aromatic  and  halogenated  compounds  adsorb  better  than  aliphatic  and  low  molecular 
weight  compounds.  The  presence  of  many  contaminant  compounds  in  a  single  waste 
stream  may  also  affect  carbon  adsorption  system  performance. 

Regeneration  would  not  be  an  option  for  the  spent  carbon  from  this  site  because  the  GAC 
will  contain  high  concentrations  of  explosives.  The  high  concentration  of  explosives  is  a 
concern  because  when  the  explosives  combust  the  size  of  the  GAC  particles  will  be 
reduced.  Therefore,  off-site  incineration  of  the  carbon,  rather  than  regeneration,  will  be 
evaluated  as  a  treatment  option  for  handling  the  spent  carbon. 

Effectiveness 

All  of  the  explosive  contaminants  at  this  site  can  be  removed  by  GAC,  and  the  adsorption 
capacities  for  most  of  the  compounds  are  relatively  high.  The  major  concerns  about  the 
use  of  GAC  is  the  amount  of  carbon  that  would  be  required  to  treat  the  large  volume  of 
ground  water,  the  inability  to  regenerate  carbon  contaminated  with  explosives,  and  the 
risks  and  costs  associated  with  transporting  the  spent  carbon  off  site  for  incineration.  Off¬ 
site  incineration  is  the  most  common  treatment  system  used  for  spent  carbon 
contaminated  with  explosives  at  Army  installations. 


RCB.67062.43.0U3.12«3 


2-100 


2.0  Identification  and  Screening  of  Technologies 


During  preparation  of  the  FS,  we  spoke  with  personnel  from  four  Army  Ammunition 
Plants  that  use  commercial  incineration  facilities  to  dispose  of  spent  GAC  generated  from 
the  treatment  of  pink  water.  None  of  the  personnel  indicated  that  they  had  experienced 
problems  with  this  disposal  procedure. 

Implementablllty 

Technical  and  administrative  implementation  should  not  present  a  problem  to  the  use  of 
carbon  adsorption.  The  substantive  requirements  of  the  State  of  Oregon  drinking  water 
and  surface  water  regulations  will  need  to  be  complied  with  for  the  reinjection  of  the 
ground  water.  Transportation  permits  may  be  needed  depending  on  whether  the  spent 
carbon  is  sent  off  site  for  regeneration  and  disposal.  The  substantive  requirements  of  the 
federal  and  state  air  regulations  and  RCRA  would  also  have  to  be  complied  with  if  an  off¬ 
site  incineration  system  was  used  to  handle  the  spent  carbon. 

Cost 

Cost  of  the  GAC  system  could  be  high  because  of  the  inability  to  regenerate  the  carbon 
and  the  need  to  treat  the  spent  carbon  off  site  by  incineration. 

Summary 

GAC  would  be  efficient  for  the  treatment  of  ground  water  for  explosives;  however,  the 
spent  carbon  would  have  to  be  treated  off-site  because  regeneration  is  not  possible. 
Because  of  its  viability  as  a  treatment  option,  carbon  adsorption  will  be  retained  for 
further  evaluation. 

2.5.3.8  Treatment,  Ex  Situ  -  Metal  Precipitation.  Metal  precipitation  from 
contaminated  water  involves  the  conversion  of  soluble  heavy  metal  salts  to  insoluble  salts 
that  will  precipitate.  The  precipitate  can  then  be  removed  from  the  treated  water  by 
physical  methods  such  as  clarification  (settling)  and/or  filtration.  For  the  metal 
precipitation  process  to  be  effective,  it  must  be  coupled  with  an  efficient  solids  removal 
process.  Other  wise,  metal  precipitate  solids  may  carry  over  into  the  effluent  and 
negatively  affect  effluent  quality  and  process  efficiency. 

The  heavy  metal  precipitation  step  is  simple,  involving  the  addition  of  chemical  reagents 
to  adjust  the  pH  of  the  contaminated  water.  The  desired  pH  is  one  in  which  the  met^s 
exhibit  low  (or  miiumum)  solubilities  in  water  and  therefore  precipitate.  This  desired  pH 
is  dependent  on  the  specific  metal-reagent  combination.  Cbmmon  reagents  used  include: 

•  Alkalis  such  as  lime,  caustic  soda,  or  magnesium  hydroxide  slurries  to  precipitate 
metal  hydroxides  (hydroxide  process) 

•  Sulfides  such  as  sodium  sulfide  or  ferrous  sulfide  slurries  to  precipitate  metal 
sulfides  (sulfide  process) 
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A  new  process  under  development  is  precipitation  of  metals  by  xanthates.  Xanthates  are  a 
family  of  compounds  prepared  by  reacting  an  organic  hydroxyl-containing  compound 
with  sodium  hydroxide  and  carbon  disulfide.  The  resulting  sodium  xanthate  reacts  with 
metals  to  form  metal  xanthates  is  much  the  same  way  that  sodium  sulfide  forms  metal 
sulfides. 

At  UMDA,  the  metal  precipitation  system  would  be  used  for  two  purposes: 

•  To  remove  any  metal  contamination  that  is  found  above  the  background 
concentrations. 

•  To  remove  any  background  metal  contamination  that  may  cause  a  problem  with  the 
operation  of  a  downstream  process  option,  such  as  UV/oxidation. 

In  order  to  meet  these  two  objectives,  the  metal  precipitation  unit  would  have  to  remove: 
arsenic,  calcium,  cadmium,  chromium,  iron,  and  manganese.  The  most  common  and  the 
safest  system  for  the  removal  of  these  metals  is  hydroxide  precipitation  using  either 
sodium  hydroxide  or  lime.  Because  hydroxide  precipitation  is  the  most  common  system, 
it  will  be  the  process  that  will  be  evaluated;  however,  if  hydroxide  precipitation  cannot 
meet  the  discharge  limits  then  sulfide  or  xanthate  precipitation  should  be  considered. 

Effectiveness 

Hydroxide  metal  precipitation  followed  by  flocculation  and  clarification  has  been  shown 
to  be  effective  for  the  removal  of  metal  contamination  and  background  metals  at  similar 
concentration  as  those  found  at  UMDA.  If  hydroxide  precipitation  was  not  capable  of 
meeting  preliminary  remedial  goals,  sulfide  or  xanthate  precipitation  could  be  considered 
to  increase  the  percent  removal. 

Implementabllity 

Both  technical  and  admiiustrative  implementation  of  the  metal  precipitation  process 
should  not  be  a  concern  because  it  is  a  well  demonstrated  technology.  The  effluent  from 
Ae  metal  precipitation  system  will  be  treated  by  another  unit  operation  prior  to  being 
discharged;  therefore,  the  only  residual  from  the  process  will  be  the  metal  hydroxide 
sludge  which  will  have  to  be  tested  to  determine  if  it  is  hazardous  or  nonhazardous. 

Cost 

Cost  of  the  metal  hydroxide  system  would  be  moderate  because  these  systems  require  a 
high  level  of  operator  control  and  the  residual  hydroxide  sludge  would  have  to  be 
disposed  of  as  a  hazardous  waste  unless  it  is  shown  to  be  nonhazardous. 

Summary 

Hydroxide  metal  precipitation  has  been  used  extensively  in  industry  and  site  remediation 
to  remove  soluble  metal  salts  from  process  and  ground  water;  therefore,  the  effectiveness 
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of  this  system  is  well  documented  and  the  ability  to  implement  the  system  should  be 
straightforward.  The  only  concern  with  the  system  is  that  it  produces  a  residual 
hydroxide  sludge  that  must  be  disposed  of  as  a  hazardous  waste.  Hydroxide  metal 
precipitation  has  been  retained  for  further  evaluation. 

2.5.3.9  Treatment,  Ex  Situ  -  UV/Oxidation.  UV/oxidation  is  a  method  of  destroying 
organic  contaminants  in  water  by  UV-catalyzed  reactions  with  strong  oxidizers  such  as 
hydrogen  peroxide  and/or  ozone.  Chemical  oxidation  of  the  contaminants  occurs  when 
the  contaminant  is  allowed  to  react  with  a  strong  oxidizer.  Although  strong  oxidizers 
themselves  can  render  contaminants  less  toxic,  the  rate  of  the  oxidation  reactions  is 
significantly  increased  through  the  addition  of  UV  light 

At  Site  4,  the  first  step  of  the  process  would  be  to  extract  the  ground  water  firom  the 
aquifer  and  treat  it  for  the  removal  of  background  metals  by  metal  precipitation.  The 
metals  need  to  be  removed  in  order  to  avoid  their  plating  on  the  quartz  tube  in  the  UV 
reactor  and  decreasing  the  UV  output  intensity.  After  the  metals  have  been  removed,  the 
ground  water  would  be  passed  through  the  UV  reactor  where  the  oxidizer  (either  ozone 
or  hydrogen  peroxide)  would  be  added.  The  treated  ground  water  would  then  be 
discharged  to  the  Explosive  Washout  Lagoons  or  reinjected  back  into  the  ground  water, 
downgradient  of  the  contamination. 

Effectiveness 

Review  of  the  literature  (ICF  Kaiser  Engineers,  1993)  shows  that  UV/oxidation  has  been 
tested  in  several  pilot  plant  smdies,  and  is  an  effective  method  of  treatment  on  the 
explosives  of  concern  and  would  be  able  to  meet  the  preliminary  remedial  goals. 
UV/oxidation  is  an  innovative  technology  but  it  has  been  proven  in  full-scale  operation 
and  has  been  specified  in  several  RODs.  In  addition,  the  use  of  UV/oxidation  does  not 
present  any  short-term  problems  that  cannot  be  controlled  through  process  design. 

Implementability 

Technical  and  administrative  implementation  should  not  present  a  problem  to  the  use  of 
UV/oxidation.  One  of  the  largest  implementation  problems  for  the  use  of  UV/oxidation  in 
the  past  has  been  the  lack  of  vendors.  This  problem  has  been  corrected  over  the  past  few 
years  to  the  point  where  there  are  now  four  national  vendors  for  the  technology.  The 
substantive  requirements  of  the  State  of  Oregon  drinking  water  and  surface  water 
regulations  will  need  to  be  complied  with  for  the  reinjection  of  the  ground  water  and  the 
regulations  for  air  for  the  discharge  of  the  off-gas  to  the  environment  if  ozone  is  used. 

Cost 

The  cost  of  a  UV/oxidation  system  is  moderate  in  comparison  to  the  other  ex  situ  ground 
water  treatment  systems.  The  operating  cost  of  the  system  would  also  be  moderate  due  to 
the  high  electric  power  requirements. 
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Summary 

Literature  reference  (ICP  Kaiser  Engineers,  1993)  results  of  the  treatment  of 
contaminants  similar  to  those  of  concern  at  Site  4  show  that  UV/oxidation  is  an  effective 
treatment  option.  It  has  therefore  been  retained  for  further  evaluation. 

2.5.3.10  Treatment,  Ex  Situ  -  Aerobic  Bioremedlatlon.  For  the  aerobic  condition, 
a  packed  bed  upflow  column  was  assumed  in  the  preliminary  screening.  This  system, 
packed  with  GAC,  is  an  innovative  system  that  has  proven  effective  in  the  treatment  of 
wastewater  and  ground  water  streams  where  low  contaminant  discharge  levels  are 
required.  The  water  stream  is  fed  into  the  bottom  of  the  bed  and  the  contaminants  are 
absorbed  into  the  biomass  and  onto  the  GAC.  The  bacteria  metabolize  the  absorbed 
contaminants  in  the  biomass  and  on  the  GAC.  This  process  regenerates  the  GAC  and 
allows  the  GAC  to  continue  to  adsorb  contaminants.  The  ability  of  the  bacteria  to 
regenerate  the  GAC  is  not  proven  on  a  full-scale  and  basic  research  is  still  being 
performed  to  determine  the  regenerative  capacity  of  the  biomass.  The  low  level  of  the 
preliminary  remedial  goals  makes  the  use  of  biological  treatment  a  concern  because  while 
some  of  the  explosives  will  biodegrade,  the  effluent  concentrations  have  not  been  below 
the  preliminary  remedial  goals. 

Effectiveness 

The  ability  of  aerobic  biodegradation  to  meet  the  preliminary  remedial  goals  on  a 
continued  basis  is  uncertain;  while  some  of  the  explosives  have  been  shown  to 
biodegrade  the  effluent  concentrations  have  not  been  below  the  preliminary  remedial 
goals. 

Implementabillty 

There  does  not  appear  to  be  any  technical  or  administrative  implementation  concerns. 

Cost 

The  cost  of  the  biological/GAC  system  would  be  moderate  in  comparison  to  the  other  ex 
situ  treatment  systems. 

Summary 

The  aerobic  biological  treatment  system  is  eliminated  from  further  consideration  based  on 
concerns  about  biological  degradation  being  able  to  meet  the  preliminary  remedial  goals. 

2.5.3.11  Discharge  -  Reinfiltration  to  Explosive  Washout  Lagoons.  This  process 
option  would  involve  discharge  of  the  treated  ground  water  to  an  on-site  reinfiltration 
region  in  the  Explosive  Washout  Lagoons.  This  would  allow  the  treated  ground  water  to 
flush  the  explosive  contamination  remaining  in  the  soils  after  the  implementation  of  the 
Explosive  Washout  Lagoon  Soils  ROD.  The  explosive  contamination  would  then  be 
collected  in  the  downgradient  extraction  wells. 
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Effectiveness 

This  method  of  discharge  may  be  used  to  wash  the  soil,  which  would  decrease  the  long¬ 
term  ground  water  contamination  due  to  continued  soil  leaching.  Discharge  is  not  a 
method  of  treatment  but  rather  an  option  for  disposing  of  treated  ground  water.  The 
effectiveness  of  using  the  treated  ground  water  to  leach  the  remaining  explosive 
contamination  from  the  soils  appears  to  be  moderate  and  would  take  a  little  over  a  year  to 
remove  2,4,6-TNT  (the  least  mobile  contaminant).  The  soil  remedy  selected  for  the 
lagoons  did  not  require  the  removal  of  low  level  explosives  deep  beneath  the  lagoons 
since  the  concentrations  were  low  enough.  Leaching  through  reinfiltration  is  being 
considered  since  it  provides  additional  contaminant  removal  at  minimal  cost  and  ground 
water  discharge  must  occur. 

Implementability 

There  does  not  appear  to  be  any  administrative  implementation  problems.  The  technical 
implementability  concern  is  in  regard  to  the  potential  for  lateral  spreading  of  the 
contaminants  into  regions  of  low  permeability  due  to  the  hydraulic  driving  force  of  the 
discharged  water.  To  minimize  this  potential  the  treated  ground  water  would  only  be 
discharged  to  the  lagoons  for  a  period  of  time  long  enough  to  flush  the  remaining  soil 
contamination  from  the  soils.  After  the  contamination  is  removed  the  treated  ground  water 
would  be  reinfiltrated  upgradient  of  the  plume  (See  Section  2.5.3.12,  Discharge  - 
Reinfiltration  Upgradient  of  Explosive  Washout  Lagoons). 

Cost 

The  cost  of  the  Explosive  Washout  Lagoons  discharge  option  would  be  low  in 
comparison  to  other  discharge  methods. 

Summary 

Reinfiltrating  the  treated  ground  water  into  the  Explosive  Washout  Lagoons  would  be 
effective  for  flushing  the  remaining  contamination  from  the  soil.  The  only  concern  with 
the  use  of  this  process  option  is  the  potential  for  spreading  the  contamination  into 
previously  uncontaminated  areas. 

2.5.3.12  Discharge  -  Relnflltratlon  Upgradient  of  the  Explosive  Washout 
Lagoons.  This  method  involves  the  reinfiltration  of  the  treated  ground  water  with  the 
use  of  infiltration  galleries  approximately  800  feet  upgradient  of  the  washout  lagoons. 

Effectiveness 

The  reinfiltration  of  the  treated  ground  water  into  the  aquifer  would  be  an  effective 
disposal  alternative  for  the  Site  4  ground  water. 

Implementability 

There  does  not  appear  to  be  any  technical  or  administrative  implementation  problems. 
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Cost 

The  cost  of  installing  infiltration  galleries  would  be  moderate  to  high  in  comparison  to 
other  discharge  methods. 

Summary 

Reinjection  of  ground  water  as  a  method  of  on-site  discharge  is  retained  for  further 
consideration;  however,  the  biannual  directional  ground  water  flow  should  be  reviewed 
when  designing  the  infiltration  system  in  the  Remedial  Design. 
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In  assembling  alternatives,  general  response  actions  and  the  process  options  chosen  to 
represent  the  various  technology  types  were  combined  to  form  an  overall  method  of 
treatment  for  the  site.  Consideration  was  also  given  to  developing  alternatives  that 
provided  for  different  time  frames  in  which  the  site  would  meet  the  preliminary 
remedial  action  objectives  and  for  different  levels  of  protectiveness  to  human  health 
and  the  environment. 

The  following  process  options  were  retained  for  the  remediation  of  the  ground  water  at 
the  Explosive  Washout  Lagoons  at  the  conclusion  of  the  final  screening: 

•  No  Action 

•  Institutional  Controls 

Legal  Restrictions 
Monitoring 

•  Ex  Situ  Treatment  -  Physical/Chemical 

Carbon  Adsorption 
Metal  Precipitation 
UV/oxidation 

•  Discharge 

Reinfiltration  to  the  Explosive  Washout  Lagoons 
Reinfiltration  Upgradient  of  the  Explosive  Washout  Lagoons 

These  process  options  were  then  assembled  into  six  distinct  alternatives: 

•  Alternative  1  -  No  Action. 

•  Alternative  2  -  Institutional  controls  will  be  placed  on  the  contaminated  ground 
water  from  the  Explosive  Washout  Lagoons  to  restrict  the  ability  to  install  ground 
water  wells  into  the  contamination.  Monitoring  will  also  be  conducted. 

•  Alternative  3  -  The  ground  water  will  be  extracted  from  a  series  of  wells  over  a  10- 
or  30-year  period  to  remediate  the  aquifer  to  PRGs  as  shown  in  Table  2-6, 
Preliminary  Remedial  Goals  for  Ground  Water.  The  ground  water  will  be  treated 
by  hydroxide  precipitation  to  remove  the  background  metals  fi’om  the  contaminated 
ground  water  and  then  treated  by  UV/oxidation  to  destroy  the  explosives.  Granular 
activated  carbon  will  be  used  after  the  UV  system  to  remove  any  remaining 
contaminants  such  as  1,3,5-TNB.  After  the  ground  water  has  been  treated  and  it 
meets  all  the  PRGs,  it  will  be  reinfiltrated  into  the  Explosive  Washout  Lagoons  for 
approximately  one  year  to  flush  any  explosive  contamination  from  the  soil.  The 
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contamination  removed  from  the  soil  will  be  collected  in  the  ground  water  in  the 
downgradient  extraction  wells.  After  the  soil  has  been  flushed,  the  treated  ground 
water  will  be  reinfiltrated  800  feet  upgradient  of  the  washout  lagoons  to  minimize 
the  risk  of  spreading  the  contamination. 

•  Alternative  4  -  The  ground  water  will  be  extracted  from  a  series  of  wells  over  a  10- 
or  30-year  period  to  remediate  the  aquifer  to  PRGs  as  shown  in  Table  2-6, 
Preliminary  Remedial  Goals  for  Ground  Water.  The  ground  water  will  be  treated 
by  granular  activated  carbon  to  remove  the  explosive  contamination.  The  spent 
carbon  will  be  sent  off  site  for  incineration  or  thermal  treatment.  After  the  ground 
water  has  been  treated  and  it  meets  all  PRGs,  it  will  be  reinfiltrated  into  the 
Explosive  Washout  Lagoons  for  approximately  one  year  to  flush  any  explosive 
contamination  from  the  soil.  The  contamination  removed  from  the  soil  will  be 
collected  in  the  ground  water  in  the  downgradient  extraction  wells.  After  the  soil 
has  been  flushed,  the  treated  ground  water  will  be  reinfiltrated  800  feet  upgradient 
of  the  washout  lagoons  to  minimize  the  risk  of  spreading  the  contamination. 

•  Alternative  5  -  The  ground  water  will  be  extracted  from  a  series  of  wells  over  a  10- 
or  30-year  period  to  remediate  the  aquifer  to  cleanup  levels  equivalent  to  an  excess 
cancer  risk  of  1x10-4  or  a  hazard  index  of  1.  The  ground  water  will  be  treated  by 
hydroxide  precipitation  to  remove  the  background  metals  from  the  contaminated 
ground  water  and  then  treated  by  UV/oxidation  to  destroy  the  explosives.  Granular 
activated  carbon  will  be  used  after  the  UV  system  to  remove  any  remaining 
contaminants  such  as  1,3,5-TNB.  After  the  ground  water  has  been  treated  and  it 
meets  all  PRGs,  it  will  be  reinfiltrated  into  the  Explosive  Washout  Lagoons  for 
approximately  one  year  to  flush  any  explosive  contamination  from  the  soil.  The 
contamination  removed  from  the  soil  will  be  collected  in  the  ground  water  in  the 
downgradient  extraction  wells.  After  the  soil  has  been  flushed,  the  treated  ground 
water  will  be  reinfiltrated  800  feet  upgradient  of  the  washout  lagoons  to  minimize 
the  risk  of  spreading  the  contamination. 

•  Alternative  6  -  The  ground  water  will  be  extracted  from  a  series  of  wells  over  a  10- 
or  30-year  period  to  remediate  the  aquifer  to  cleanup  levels  equivalent  to  an  excess 
cancer  risk  of  1x10-4  or  a  hazard  index  of  1.  The  ground  water  will  be  treated  by 
granular  activated  carbon  to  remove  the  explosive  contamination.  The  spent  carbon 
will  be  sent  off  site  for  incineration.  After  the  ground  water  has  been  treated  and  it 
meets  all  PRGs,  it  will  be  reinfiltrated  into  the  Explosive  Washout  Lagoons  for 
approximately  one  year  to  flush  any  explosive  contamination  from  the  soil.  The 
contamination  removed  from  the  soil  will  be  collected  in  the  ground  water  in  the 
downgradient  extraction  wells.  After  the  soil  has  been  flushed,  the  treated  ground 
water  will  be  reinfiltrated  800  feet  upgradient  of  the  washout  lagoons  to  minimize 
the  risk  of  spreading  the  contamination. 
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This  section  presents  a  description  and  detailed  evaluation  of  the  six  remedial 
alternatives  presented  in  Section  3.0,  Development  of  Alternatives. 

The  purpose  of  this  section  is  to  present  information  relevant  to  selecting  an  appropriate 
remedy  for  the  ground  water  at  the  Explosive  Washout  Lagoons.  The  analyses  were 
performed  in  accordance  with  the  requirements  of  the  NCP,  CERCLA,  SARA,  and  the 
Interim  Guidance  on  Superfund  Selection  of  Remedy.  These  analyses  were  also  based 
on  the  institutional  and  technical  criteria  presented  in  Sections  2.0,  Identification  and 
Screening  of  Technologies  and  3.0,  Development  of  Alternatives. 


4.1  CERCLA  Evaluation  Criteria 

The  detailed  analysis  of  remedial  alternatives  consists  of  the  evaluation  and 
presentation  of  the  relevant  information  that  allows  decision  makers  to  select  a  site 
remedy.  In  developing  this  analysis,  there  are  five  specific  statutory  requirements  for 
remedial  actions  that  must  be  addressed: 

•  Protection  of  human  health  and  the  environment 

•  Attainment  of  ARARs  (or  providing  grounds  for  invoking  a  waiver) 

•  Cost-effectiveness 

•  Use  of  permanent  solutions  and  alternative  treatment  technologies  or  resource 
recovery  technologies  to  the  maximum  extent  practicable 

•  Preference  for  treatment  that  reduces  toxicity,  mobihty,  and/or  volume  as  the 
principal  element 

In  addition,  CERCLA  places  an  emphasis  on  evaluating  long-term  effectiveness  and 
related  considerations  for  each  of  the  alternatives,  including: 

•  The  long-term  uncertainties  associated  with  land  disposal 

•  The  goals,  objectives,  and  requirements  of  the  Solid  Waste  Disposal  Act 

•  The  persistence,  toxicity,  and  mobihty  of  hazardous  substances  and  their 
constituents,  and  their  propensity  to  bioaccumulate 

•  Short-  and  long-term  potential  for  adverse  health  effects  from  human  exposure 

•  Long-term  maintenance  costs 

•  The  potential  for  future  remedial  action  costs  if  the  alternative  remedial  action  in 
question  were  to  fail 

•  The  potential  threat  to  human  health  and  the  environment  associated  with 
excavation,  transportation,  and  redisposal,  or  containment 

Each  of  these  requirements  and  considerations  were  then  combined  in  the  NCP,  and 
nine  evaluation  criteria  were  developed  to  address  the  intent  of  the  requirements  and 
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considerations.  Other  technical  and  policy  considerations  that  have  proven  to  be 
important  for  selecting  remedial  alternatives  were  also  addressed.  These  nine  evaluation 
criteria  have  served  as  the  basis  for  conducting  the  detailed  analysis  of  the  alternatives 
for  the  remediation  of  ground  water  at  the  Explosive  Washout  Lagoons.  In  order  to 
ensure  that  the  appropriate  weight  was  applied  to  each  of  the  criteria,  the  NCP  divides 
the  nine  criteria  into  three  groups:  (1)  Threshold  Criteria;  (2)  Primary  Balancing 
Criteria;  and  (3)  Modifying  Criteria  (Figure  4.1-1). 

4.1.1  Threshold  Criteria 

Two  of  the  criteria  relate  directly  to  statutory  requirements  that  must  ultimately  be 
satisfied  by  the  remedy.  They  are  categorized  as  threshold  criteria  because  any 
alternative  selected  to  remediate  the  ground  water  must  meet  them.  The  requirements 
are: 


•  Overall  Protection  of  Human  Health  and  the  Environment  -  Evaluates  how  each 
alternative,  as  a  whole,  achieves  and  maintains  protection  of  human  health  and  the 
environment.  This  assessment  draws  on  the  assessments  conducted  under  other 
evaluation  criteria,  especially  long-term  and  short-term  effectiveness  and 
compliance  with  ARARs.  It  focuses  on  whether  a  specific  alternative  achieves 
adequate  protection  and  describes  how  site  risks  are  eliminated,  reduced  or 
controlled  through  treatment,  engineering,  or  institutional  controls. 

•  Compliance  with  ARARs  -  Evaluates  how  each  alternative  complies  with  ARARs, 
or  provides  grounds  for  a  waiver,  if  so  justified.  The  assessment  also  addresses 
other  information  from  advisories,  criteria,  and  guidance  that  the  agencies  agree  is 
"to  be  considered."  The  detailed  analysis  summarizes  which  federal  and  State  of 
Oregon  requirements  are  applicable  or  relevant  and  appropriate  for  the  specific 
alternative  and  how  the  alternative  meets  these  requirements. 

4.1.2  Primary  Balancing  Criteria 

Five  of  the  criteria  are  grouped  together  because  they  represent  the  primary  factors 
upon  which  the  analysis  is  based,  taking  into  account  technical,  cost,  institutional,  and 
risk  concerns. 

•  Long-Term  Effectiveness  and  Permanence  -  Evaluates  the  effectiveness  of  each 
alternative  in  maintaining  the  protection  of  human  health  and  the  environment  after 
response  objectives  have  been  met.  This  assessment  considers  the  magnitude  of  the 
residual  risk  (in  this  case,  risks  from  ground  water  that  is  not  treated  and  risk  from 
treatment  residuals,  if  any)  measured  by  numerical  standards,  where  possible.  It 
also  considers  the  adequacy  and  reliabihty  of  controls. 
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Figure  4.1-1 :  Criteria  for  Detailed  Analysis  of  Alternatives 
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•  Reduction  of  Toxicity,  Mobility,  and  Volume  Through  Treatment  -  Evaluates  the 
anticipated  performance  of  the  specific  treatment  technologies  each  alternative 
might  employ.  Where  possible,  numerical  comparisons  before  and  after 
remediation  are  presented.  This  assessment  also  considers  the  degree  to  which 
treatment  is  irreversible,  the  type  and  quantity  of  residuals  that  will  remain 
following  treatment,  and  the  degree  to  which  the  treatment  reduces  the  inherent 
hazards  posed  by  the  site. 

•  Short-Term  Effectiveness  -  Examines  the  effectiveness  of  each  alternative  in 
protecting  public  health,  worker  health,  and  the  environment  during  the 
construction  and  implementation  of  a  remedy  until  response  objectives  have  been 
met.  The  time  until  protection  is  achieved  is  also  considered  here. 

•  Implementability  -  Evaluates  the  technical  and  administrative  feasibility  of  each 
alternative  and  the  availability  of  required  goods  and  services.  Technical  feasibility 
includes  the  ability  to  constmct  the  system,  the  ability  to  operate  and  maintain  the 
equipment,  and  the  ability  to  monitor  and  review  the  effectiveness  of  operations. 
Administrative  feasibility  refers  to  the  ability  to  obtain  normal  legal  approvals  (e.g., 
site  access),  public  relations  and  community  response,  and  coordination  with 
government  regulatory  agencies. 

•  Cost  -  Evaluates  the  capital  and  operation  and  maintenance  (O&M)  costs  of  each 
alternative.  Capital  cost  refers  to  the  expenditures  required  to  develop  and  construct 
the  facilities  necessary  to  implement  the  alternative.  O&M  cost  refers  to  the 
expenditures  of  time  and  materials  throughout  the  course  of  the  project,  including 
costs  to  lease  equipment.  These  two  categories  of  cost  may  be  combined  into  a 
single  cost  figure  using  present  worth  analysis  and  a  specified  discount  rate. 

The  level  of  detail  required  to  analyze  each  alternative  against  these  evaluation  criteria 
depends  on  the  type  and  complexity  of  the  site,  the  type  of  technologies  and  alternatives 
being  considered,  and  other  project-specific  considerations.  This  FS  addresses  a  single 
site,  one  environmental  media  (ground  water),  and  a  range  of  contaminants  that  do  not 
currently  meet  risk-based  cleanup  levels.  The  detail  presented  in  the  following  analyses 
has  been  focused  accordingly. 

4.1.3  Modifying  Criteria 

In  accordance  with  RI/FS  guidance,  the  final  two  criteria  involving  state  and 
community  acceptance  will  be  evaluated  following  the  receipt  of  state  agency  and 
public  comments  on  the  FS  and  the  Proposed  Plan.  The  criteria  are: 

•  State  (Support  Agency)  Acceptance  -  Reflects  the  State  of  Oregon's  apparent 
preferences  among  or  concerns  regarding  the  alternatives 
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•  Community  Acceptance  -  Reflects  the  local  communities'  apparent  preferences 
among  or  concerns  about  alternatives 


4.2  individual  Analysis  of  Alternatives 

Each  of  the  six  remedial  alternatives  are  presented  in  sufficient  detail  in  the  following 
sections  to  allow  the  evaluation  of  the  alternatives  against  the  nine  NCP  criteria.  The 
State  of  Oregon's  comments  are  incorporated  into  the  entire  RI/FS  process  due  to  the 
state's  role  as  equal  partner  with  the  Army  and  the  ERA  in  the  UMDA  Federal  Facility 
Agreement.  (Community  Acceptance  will  not  be  evaluated  until  the  public  comment 
period.)  Each  alternative  is  briefly  summarized  and  then  described  in  more  detail.  In  the 
instance  of  common  process  options  between  the  alternatives,  the  common  process 
option  will  only  be  presented  in  the  first  alternative  and  the  reader  will  be  referenced  to 
the  earlier  presentation  when  the  process  option  is  discussed  again.  Operating  and 
Maintenance  calculations  are  presented  in  Appendix  C. 

A  number  of  Remedial  Design/Remedial  Action  planning  documents  may  be  required 
for  implementation  of  a  given  alternative.  These  plans  may  include:  Work  Plan; 
Materials  Handling  Plan;  Chemical  Data  Acquisition  Plan;  Trial  Bum  Plan;  Erosion 
and  Sedimentation  Control  Plan;  Security  Plan;  Safety  Plan;  Traffic  Control  Plan;  and 
Environmental  Protection  Plan.  The  extent  and  detail  to  which  planning  documentation 
will  be  required  will  depend  on  the  specific  processes  to  be  employed  in  the  remedial 
action  and  the  complexity  of  the  on-site  remedial  action  activities.  Based  on  previous 
remedial  activities  conducted  by  the  Army,  these  costs  are  estimated  at  10%  of  the  total 
capital  and  O&M  costs. 

Each  of  the  alternatives  will  require  that  a  five-year  review  is  performed.  The  objective 
of  the  five-year  reviews  is  twofold:  (1)  to  confirm  that  the  remedy  as  presented  in  the 
ROD  and/or  remedial  design  remains  effective  for  the  protection  of  human  health  and 
the  environment  (e.g.,  the  remedy  is  operating  and  functioning  as  designed,  institutional 
controls  are  in  place  and  are  protective);  and  (2)  to  evaluate  whether  original  cleanup 
levels  remain  protective  of  human  health  and  the  environment. 

The  focus  of  the  five-year  review  would  depend  on  the  original  goal  of  the  response 
action.  If  protectiveness  is  being  assured  through  exposure  protection  (e.g,  containment 
with  a  cap)  and  institutional  controls,  the  review  would  focus  on  whether  the  cap 
remains  effective  and  the  controls  remain  in  place  and  are  sufficient  to  assure 
protection.  For  a  Long-Term  Remedial  Action  (LTRA)  (i.e.,  an  ongoing  remedial 
action  that  has  not  yet  achieved  the  cleanup  standards  set  in  the  ROD),  the  review 
would  focus  on  both  the  effectiveness  of  the  technology  and  the  specific  performance 
levels  established  in  the  ROD  (e.g.,  performance  of  an  extraction  and  treatment  system 
for  ground  water). 
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The  first  objective  of  a  five-year  review  would  be  accomplished  primarily  through  a 
review  of  documented  operation  and  maintenance  of  the  site,  a  site  visit,  and  limited 
analysis  of  site  conditions.  The  second  objective  requires  an  analysis  of  newly 
promulgated  or  modified  requirements  of  federal  and  state  environmental  laws  to 
determine  if  they  are  ARARs  and/or  if  they  call  into  question  the  protectiveness  of  the 
remedy  (NCP  Section  300.430(f)  (l)(ii)(B)(l)).  For  example,  new  federal  or  state  MCLs 
may  be  promulgated  at  a  more  stringent  level,  calling  into  question  the  protectiveness 
of  a  ground  water  preliminary  remedial  goal  set  at  the  risk-based  cleanup  level.  The 
state  would  be  requested  to  identify  state  ARARs  promulgated  or  modified  since  ROD 
signature  that  may  have  a  bearing  on  the  protectiveness  of  the  remedy. 

A  further  objective  of  the  five-year  review  is  to  consider  the  scope  of  operation  and 
maintenance  (O&M)  activities,  the  frequency  of  repairs,  changes  in  monitoring 
indicators,  costs  at  a  site,  and  how  this  relates  to  protectiveness.  If  O&M  activities 
either  grow  unexpectedly  over  time  or  are  simply  much  greater  than  had  been  estimated 
at  the  time  of  remedy  selection,  the  reviewer  would  analyze  O&M  activities  and  cost 
increases  in  an  effort  to  determine  if  such  increases  are  an  early  indicator  of  the 
deterioration  of  the  remedy.  Rising  efforts  or  costs  may  indicate  that  excessive  attention 
or  activity  is  required  to  ensure  that  a  remedy  functions  properly.  This  rise  might  be  due 
to  the  deterioration  or  inefficiency  of  the  remedy.  In  this  case,  repair  or  further  actions 
may  be  necessary  to  protect  against  a  higher  than  acceptable  potential  for  remedy 
failure.  Based  on  such  an  analysis,  the  Army  and  the  ERA,  in  consultation  with  the 
state,  would  consider  whether  further  actions  should  be  taken  to  reduce  increasing 
O&M  activities.  As  appropriate,  the  Army  may  also  propose  additional  response 
actions  to  reduce  O&M  activities  or  contain  rising  O&M  costs. 

4.2.1  Alternative  1  -  No  Action 

No  Action  means  that  no  response  to  contamination  is  made,  activities  previously 
initiated  are  abandoned,  and  no  further  active  human  intervention  occurs.  Natural 
attenuation  of  the  contaminated  media  will  occur  over  time  through  dilution,  biological 
degradation,  and  abiotic  degradation. 

The  No  Action  alternative  would,  however,  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure. 

4.2. 1. 1  Five-Year  Reviews.  This  alternative  would  require  five-year  reviews  intended 
to  evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
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the  reviews  described  for  the  No  Action  alternative  (see  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.1. 2  Capital  Cost.  There  will  be  no  capital  cost  incurred  during  the 
implementation  of  this  alternative. 

4.2.1. 3  Operating  Cost.  There  will  be  a  minimal  cost  associated  with  the  five-year 
review  element  of  this  alternative;  approximately  $4,000  annually  or  a  Net  Present 
Value  (NPV)  of  $81,000  over  300  years  using  a  5%  interest  rate. 

4.2.1. 4  NCP  Evaluation  Criteria.  The  degree  to  which  the  No  Action  alternative 
meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  does  not  enhance  protection  of  current  aquifer  users,  the  environment, 
or  future  land  use  scenarios.  The  risks  posed  by  the  contamination  in  the  ground  water, 
a  carcinogenic  risk  of  2x10-3  and  a  hazard  index  of  60,  would  remain  at  the  current 
level. 

In  addition,  the  No  Action  alternative  would  not  control  the  migration  of  the 
contamination  and  may  present  a  risk  of  exposure  to  the  current  aquifer  users  when  the 
contaminant  plume  reaches  the  UMDA  boundary  within  an  estimated  70  years. 

Compliance  with  ARARs 

This  alternative  does  not  comply  with  the  expectations  of  the  NCP  in  regard  to 
returning  the  aquifer  to  its  beneficial  use  in  a  reasonable  period.  The  alternative  also 
fails  to  comply  with  the  NCP  carcinogenic  risk  range  of  10^  to  lO-^  and  the 
noncarcinogenic  hazard  index  of  1.  Likewise,  the  alternative  fails  to  remediate  the 
contaminated  aquifer  to  meet  risk-based  cleanup  levels. 

Long-Term  Effectiveness 

This  alternative  provides  no  long-term  protection  of  human  health  and  the  environment, 
and  the  potential  for  direct  exposure  to  future  site  users  remains. 

Reduction  In  Toxicity,  Mobility,  and  Volume 

The  No  Action  alternative  achieves  no  reduction  in  the  toxicity,  mobility,  or  volume  of 
the  contaminants  present. 

Short-Term  Effectiveness 

Since  no  remedial  activities  are  conducted,  there  would  be  no  short-term  impacts  to 
workers,  the  public,  or  the  environment  due  to  the  implementation  of  this  alternative. 
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Implementability 

There  is  no  technical  reason  that  the  No  Action  alternative  could  not  be  implemented. 
However,  there  are  two  administrative  considerations  in  implementing  this  alternative. 
First,  it  is  highly  unlikely  that  the  No  Action  alternative  would  be  acceptable  to  the 
regulatory  agencies  or  generate  favorable  response  from  the  local  communities. 
Second,  existing  levels  of  contamination  would  make  legal  restrictions  on  site  site  use 
like  those  already  in  place  at  UMDA. 

Cost 

There  would  be  no  capital  costs  associated  and  only  a  minimal  operating  cost,  for  the 
five-year  reviews,  associated  with  implementing  the  No  Action  alternative. 

4.2.2  Alternative  2  -  Institutional  Controls 

This  alternative  would  place  legal  restrictions  on  the  contaminated  ground  water  from 
the  Explosive  Washout  Lagoons  to  restrict  the  installation  of  ground  water  wells  into 
the  contaminated  aquifer.  The  alternative  would  also  require  the  continued  monitoring 
of  the  ground  water  and  five-year  reviews. 

4.2.2.1  Institutional  Controls.  While  the  ground  water  is  being  naturally  attenuated, 
institutional  controls  would  be  needed  to  restrict  access  to  the  contaminated  ground 
water.  The  access  restriction  would  be  a  state  or  local  legal  restriction  in  the  study  area 
where  contaminated  ground  water  has  been  found.  This  legal  restriction  would  have 
three  purposes: 

•  Access  restriction  to  the  site  to  prevent  direct  human  exposure  to  contaminants 
through  legal  limitations  on  who  may  conduct  activities  on  the  site. 

•  Land  use  restriction  on  the  site  to  prevent  future  residential  development  where 
contaminants  in  the  ground  water  are  at  concentrations  greater  than  the  preliminary 
remedial  goals. 

•  Ground  water  restrictions  to  prohibit  the  installation  of  new  wells  in  the 
contaminated  portion  of  the  alluvial  aquifer  or  the  basalt  layers  underlying  the 
contamination.  These  restrictions  would  have  to  be  expanded  in  the  future  to 
include  restrictions  on  the  existing  ground  water  wells  if  any  of  these  wells  are 
found  to  be  contaminated  in  excess  of  the  preliminary  remedial  goals. 

The  legal  restrictions  would  be  maintained  until  the  preliminary  remedial  goals  are  met 
or  the  site  is  determined  not  to  pose  a  threat  to  human  health  or  the  environment. 

4.2.2.2  Monitoring.  The  monitoring  program  for  the  Explosive  Washout  Lagoons' 
ground  water  has  been  designed  based  on  the  results  of  the  RI  and  should  be  modified 
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as  natural  attenuation  occurs  or  as  the  plume  area  expands.  The  objective  of  the 
program  would  be  twofold: 

•  To  monitor  for  changes  in  contaminant  concentrations 

•  To  ensure  that  contaminants  do  not  migrate  off  UMDA  or  restricted  ground  water 
area  in  excess  of  risk-based  cleanup  levels 

The  program  would  monitor  the  existing  three  aquifers.  Each  would  be  monitored  on  a 
quarterly  basis  for  explosives  and  metals.  The  sampling  frequency  could  be  reduced  if 
the  quarterly  monitoring  results  are  found  to  be  similar. 

4.2.2.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.2.4  Capital  Cost  The  capital  cost  for  the  institutional  control  alternative  is 
estimated  to  be  approximately  $20,000  based  on  the  need  to  develop  and  implement 
legal  deed  restrictions.  These  restrictions  will  require  a  hydrogeologist  to  define  the 
zone  of  contamination  and  legal  counsel  to  implement  the  jointly  written  restrictions. 

4.2.2.5  Operating  Cost  The  annual  operating  cost  for  the  Institutional  Controls 
Alternative  is  approximately  $49,700,  as  is  presented  in  Table  4.2.2- 1.  Using  the  annual 
operating  cost,  the  net  present  value  (NPV)  was  calculated  for  a  300-year  scenario 
using  a  5%  and  a  10%  interest  rate. 


5%  Interest  Rate 

10%  Interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1  -300  years 

$0.05M 

20.5 

$1.0M 

10.5  $0.5M 

4.2.2.6  NCP  Evaluation  Criteria.  The  degree  to  which  the  Institutional  Controls 
alternative  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  limits  the  potential  for  exposure  to  the  contaminants  by  restricting  the 
use  of  the  contaminated  aquifer.  However,  the  contamination  in  the  aquifer  will  be  left 
in  place  and  the  reduction  in  the  risk  would  be  due  to  restriction  and  not  to  removal  and 
treatment  of  the  contamination. 
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Table  4.2.2-1 :  Annual  Operating  Cost  for  Institutional  Control  -  Alternative  2 


Units/ 

Unit  Cost 

Annual  Cost 

Item 

Variable  Costs 

Units 

Year 

(1993  Dollars) 

(1993  Dollars) 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five-Year  Review  (a) 

hours 

50 

80 

4,000 

Annual  Operating  Cost  $49,680 


Notes: 

(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 
Source:  Arthur  D.  Little,  Inc. 
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In  addition,  the  Institutional  Controls  alternative  would  not  control  the  migration  of  the 
contamination  and  may  present  a  risk  of  exposure  to  the  current  aquifer  users  when  the 
contaminant  plume  reaches  the  UMDA  boundary  within  an  estimated  70  years. 

Compliance  with  ARARs 

This  alternative  would  not  comply  with  the  expectations  of  the  NCP  in  regard  to 
returning  the  aquifer  to  its  beneficial  use  in  a  reasonable  period  of  time.  The  alternative 
would  comply  with  the  NCP  requirement  to  prevent  carcinogenic  risk  greater  than  th 
erange  of  10^  to  10-6  and  the  noncarcinogenic  hazard  index  of  1.  Likewise,  the 
alternative  fails  to  remediate  the  contaminated  aquifer  to  meet  State  of  Oregon’s 
preference  for  remediation  of  contamination  to  background  levels  or  to  meet  the 
remedial  cleanup  levels. 

Long-Term  Effectiveness 

This  alternative  provides  limited  long-term  protection  of  human  health  and  the 
environment  by  restricting  the  access  to  the  contaminated  ground  water.  However,  the 
contamination  would  be  left  in  place  and  the  contaminant  migration  would  not  be 
controlled.  Because  of  the  lack  of  control  the  contamination  would  reach  the  UMDA 
boundary  within  an  estimated  70  years  and  may  become  a  risk  to  the  community 
surrounding  UMDA. 

Reduction  in  Toxicity,  Mobility,  and  Volume 

The  Institutional  Controls  alternative  achieves  no  reduction  in  the  toxicity,  mobility,  or 
volume  of  the  contaminants  present. 

Short-Term  Effectiveness 

Since  no  remedial  activities  are  conducted,  there  would  be  no  short-term  impacts  to 
workers,  the  public,  or  the  environment. 

Implementability 

There  is  no  technical  reason  that  the  Institutional  Controls  alternative  could  not  be 
implemented.  However,  there  are  two  administrative  considerations  in  implementing 
this  alternative.  First,  it  is  unlikely  that  this  alternative  would  be  acceptable  to  the 
regulatory  agencies  or  generate  a  favorable  response  from  the  local  communities. 
Second,  existing  levels  of  contamination  would  place  long-term  restrictions  on  future- 
site  use. 

Cost 

There  would  be  a  limited  capital  cost  estimated  at  $20,000  associated  with  the 
alternative.  This  cost  would  include  time  for  a  hydrogeologist  to  review  the  zone  of 
contamination  and  legal  counsel  to  implement  the  jointly  written  legal  restrictions.  The 
total  NPV  operating  cost  would  be  approximately  $0.8  million  over  300  years  for 
monitoring  the  ground  water. 
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4.2.3  Alternative  3A  -  UV/Oxidation  (30  Years,  Remediated  to  Preliminary 
Remedial  Goals) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
30-year  period  to  remediate  the  ground  water  to  preliminary  remedial  goals  shown  in 
Section  2.1.5,  Preliminary  Remediation  Goals  for  Ground  Water  (2.1  |ig/L  for  RDX 
and  2.8  |ig/L  for  TNT).  The  ground  water  will  be  treated  by  hydroxide  precipitation  to 
remove  the  background  metals  from  the  contaminated  ground  water  and  then  treated  by 
UV/oxidation  to  destroy  the  explosives  (Figure  4.2.3- 1).  The  results  of  a  recent 
treatability  study  conducted  at  the  Milan  Army  Ammunition  Plant  (IGF  Kaiser 
Engineers,  1993),  which  has  a  ground  water  contaminant  chemistry  similar  to  that  at 
Umatilla,  indicate  that  it  is  not  economically  feasible  to  utilize  UV/oxidation  for 
complete  contaminant  destmction.  Therefore,  granular  activated  carbon  (GAG)  with 
off-site  incineration,  or  another  off-site  thermal  treatment  (e.g.,  regeneration,  cement 
kiln),  of  the  spent  carbon  will  be  included  as  a  polishing  step  to  the  primary 
UV/oxidation  treatment. 

After  the  ground  water  has  been  treated  and  meets  the  preliminary  remedial  goals,  it 
will  initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be  allowed  to 
reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated  ground  water 
into  the  lagoons  will  flush  the  remaining  soil  contamination  into  the  ground  water  table, 
where  it  will  be  collected  downgradient  in  the  extraction  wells.  After  approximately 
eight  months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  400  to  800  feet  upgradient  of  the  lagoons  (north-west). 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.3. 1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  control  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.3.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring,  for  the 
Institution  Gontrols  Alternative. 

4.2.3.3  Five-Year  Reviews.  In  addition  to  ground  water  monitoring  and  institutional 
controls,  this  alternative  would  require  five-year  reviews  intended  to  evaluate  whether 
the  alternative  remains  protective  of  public  health  and  the  environment.  The  five-year 
reviews  would  be  initiated  five  years  after  the  start  of  the  remedial  action  and  continue 
until  no  contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
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Rgure  4.2.3-1 :  Conceptual  Row  Diagram  of  UV/OxIdatlon  of  Contaminated  Ground  Water 
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unlimited  exposure.  These  reviews  would  be  identical  to  the  reviews  described  for  the 
No  Action  alternative  (see  the  introduction  to  Section  4.2,  Individual  Analysis  of 
Alternatives). 

4.2.3.4  Ground  Water  Extraction.  To  calculate  the  rate  of  ground  water  extraction 
and  well  spacing  for  the  source  containment  and  the  aquifer  remediation  system,  the 
MOC  Model  was  used  (see  Section  2.3.3,  Ground  Water  Modeling  Results).  The  results 
of  the  model  indicate  that  three  wells  with  a  total  pumping  rate  of  138  gallons  per 
minute  (gpm)  for  30  years  would  be  needed  to  remediate  the  ground  water  aquifer  to 
preliminary  remedial  goals.  Figure  4.2. 3-2  presents  the  extraction  well  locations  and 
the  predicted  ground  water  capture  zone  when  the  extraction  wells  are  operating.  The 
capture  zone  extends  beyond  the  known  contamination  and  captures  the  water 
discharged  to  the  reinfiltration  galley.  The  capture  zone  areas  were  determined  visually 
by  observing  the  computer  generated  ground  water  gradient  map.  Areas  where  the 
gradient  vector  point  towards  an  extraction  well  were  assumed  to  be  captured,  while 
those  moving  away  from  the  wells  were  assumed  to  be  outside  the  capture  zone. 

Intermediate  (15  years)  and  final  (30  years)  contour  maps  are  presented  in  Figures 
4.2.3-3  to  4.2.3-6.  These  figures,  along  with  the  capture  zone,  demonstrate  that  this 
alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

The  ground  water  extraction  wells  would  be  8-inch  diameter  wells,  constructed  with  a 
PVC  well  casing.  The  ground  water  would  be  pumped  from  each  well  using  individual 
100  gpm,  3  hp  pumps  to  allow  for  the  extraction  of  ground  water  from  specific  areas. 
The  same  size  pump  was  used  for  each  well  to  add  flexibility  to  the  treatment  system. 

The  ground  water  pumped  from  these  wells  would  be  collected  and  pumped  via  a 
buried  pipeline,  to  protect  against  potential  freezing  problems,  into  the  treatment 
building.  The  treatment  building  would  be  constructed  to  protect  the  processing 
equipment  from  adverse  weather  conditions  and  to  help  keep  the  treatment  process  at  a 
moderate  temperature,  which  would  increase  the  contaminant  removal  efficiency. 

4.2.3.5  Equalization.  The  extracted  ground  water  would  be  pumped  to  a  7,0(X)-gallon 
equalization  tank,  which  would  provide  a  50-minute  retention  time.  The  tank  is  sized  to 
allow  mixing  and  equalization  of  the  three  ground  water  streams,  thereby  ensuring  a 
relatively  uniform  feed  concentration  to  the  treatment  equipment.  The  equalization  tank 
would  also  be  used  as  a  settling  tank  to  remove  any  solids  from  the  ground  water.  Any 
solids  that  are  collected  during  the  remediation  would  be  drummed  and  sent  to  an  off¬ 
site  facility  for  treatment  and  ultimate  disposal. 
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simulated  RDX  Concentraiions  After  15  Years 
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Figure  4.2.3-5:  Simulated  RDX  Concentrations  After  30  Years 
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Figure  4.2.3-6:  Simulated  TNT  Concentrations  After  30  Years 


4.0  Detailed  Analysis  of  Alternatives 


4.2.3.6  Ultraviolet/Oxidation. 

4.2.3.6.1  Metal  Precipitation.  The  ground  water  would  be  pumped  from  the 
equalization  tank  to  the  metals  precipitation  unit  for  treatment  to  minimize  the  potential 
for  fouling  the  UV  lights;  this  system  should  also  reduce  any  elevated  metal 
concentrations  to  below  naturally  occurring  background  levels.  The  metals  precipitation 
process  would  include  an  oxidation  system,  pH  adjustment  vessel,  a  stirred  reactor,  a 
clarifier  to  remove  precipitated  metals,  and  a  multimedia  filter  to  remove  any  remaining 
suspended  solids.  The  operating  parameters  and  the  volume  of  material  required  on  a 
daily  basis  for  a  typical  metals  precipitation  system  are  shown  below: 


Parameter 


Operating  Condition 


KMn04  Dose 
Operating  pH 
NaOH  Dose 
Anionic  Polymer  Dose 
H2SO4  Dose 
Sludge  Production 


40  mg/L  (29  kg/day) 

11.0  units 

400  mg/L  (294  kg/day  50%  NaOH) 
3  mg/L  (2.2  kg/day) 

490  mg/L  (360  kg/day  50%  H2SO4) 
0.51  tons/day  (@  30%  solids) 


4.2.3.6.2  UV/  Oxidation.  After  the  metal  precipitation  system,  the  pH  of  the  ground 
water  will  be  adjusted  to  a  value  of  6  to  7  and  pumped  to  the  UV/oxidation  system.  The 
UV/oxidation  system  will  be  operated  with  ozone  (O3)  as  the  oxidant,  based  upon  the 
results  of  the  Milan  Army  Ammunition  treatability  study  (ICF  Kaiser  Engineers,  1993) 
that  indicated  that  hydrogen  peroxide  is  not  an  effective  oxidant  for  a  similar  waste 
stream.  For  design  and  costing  purposes  only,  an  O3  system  was  selected.  However,  in 
the  remedial  design  for  the  ground  water  at  the  Explosive  Washout  Lagoons,  the  choice 
of  oxidant(s)  to  use  should  be  based  on  additional  data  to  be  provided  by  Dames  & 
Moore  as  a  result  of  the  conduct  of  the  Treatability  Study  currently  being  performed  at 
UMDA. 


The  03  would  be  added  to  the  extracted  ground  water  stream  at  a  rate  of  2  mg/L/min  as 
it  passed  through  the  reactor  system.  The  reactors  would  provide  a  minimum  UV  light 
intensity  of  0.07  kw/liter  of  ground  water  with  a  residence  time  of  45  minutes,  and 
would  be  modular  in  design.  The  modular  design  would  allow  banks  of  lights  to  be 
shut  down  as  the  contaminant  loading  decreased  over  time,  thus  ensuring  an 
economically  efficient  treatment  system  for  the  lifetime  of  the  project.  A  90% 
destruction  of  the  total  explosives  concentration  should  be  achieved  using  the  operating 
parameters  described  above.  This  overall  destruction  value  is  limited  by  the  fact  that 
2,4,6-TNT  is  oxidized  to  1,3,5-TNB,  which  then  takes  a  comparable  amount  of  time  to 
be  oxidized  to  harmless  constituents.  The  other  compounds  present  in  the  contaminated 
plume  have  been  shown  to  degrade  within  this  45-minute  retention  time. 
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The  UV/oxidation  system  would  have  a  cleaning  mechanism  for  the  quartz  tubes  to 
reduce  the  fouling  of  the  tubes,  which  would  otherwise  reduce  the  UV  emittance.  After 
leaving  the  UV  reactor,  the  treated  ground  water  would  require  final  polishing  by  a 
liquid  phase  granular  activated  carbon  (GAC)  system  to  remove  residual  TNB  produced 
by  the  oxidation  of  the  TNT.  It  would  not  be  economical  to  operate  the  full-sized 
UV/oxidation  system  for  TNB  removal,  as  this  would  require  an  additional  30  minutes 
of  treatment  time,  thereby  significantly  increasing  operating  expenses.  The  GAC 
system  will  also  act  as  a  remedial  backup  in  the  event  of  a  UV/oxidation  system 
malfunction. 

4.2.3.6.3  GAC  Polishing.  The  GAC  polishing  unit  would  consist  of  two  parallel 
treatment  trains  consisting  of  2,000-pound  carbon  beds  contained  in  tanks  sized  to 
allow  for  adequate  absorbent  time.  The  carbon  beds  would  not  be  operated  until 
saturation,  but  rather  only  until  an  average  0.07  lb  contaminant  per  lb  GAC  loading  was 
achieved.  This  ceiling  on  loading  is  to  ensure  that  the  adsorbed  contaminant/GAC 
matrix  does  not  approach  its  explosive  limit  and,  therefore,  not  be  considered  a  RCRA 
characteristic  waste.  When  test  results  indicated  that  the  carbon  bed  was  spent,  the 
polishing  system  would  be  switched  over  to  the  standby  bed.  Each  carbon  bed  is 
expected  to  last  approximately  160  days  based  upon  the  design  flowrate  and  expected 
UV/oxidation  system  effluent  concentration. 

To  change  the  spent  carbon,  untreated  water  from  the  equalization  vessel  would  be  used 
to  slurry  the  column  into  a  hopper.  The  GAC  would  be  allowed  to  gravity  drain  for 
approximately  24  hours,  and  would  then  be  screw-fed  from  the  hopper  into  drums.  The 
water  drained  from  the  hopper  would  be  collected  and  recirculated  back  to  the 
equalization  vessel  for  treatment. 

The  drums  containing  the  spent,  but  non-saturated,  carbon  would  be  shipped  off  site  for 
thermal  treatment  (e.g.,  incineration,  cement  kiln,  regeneration).  Incineration  was 
selected  for  costing  purposes  in  the  FS  because  it  is  the  most  common  disposal  method 
for  explosive  laden  GAC  at  explosive  manufacturing  plants  (Arthur  D.  Little,  1993). 
Several  commercial  incineration  facilities  were  determined  to  be  capable  of  handling 
explosive-laden  GAC  in  bulk  or  drum.  These  commercial  facilities  included:  the 
Chemical  Waste  Management  incinerators  in  Port  Arthur,  Texas  and  Chicago,  Illinois, 
the  Rollins  Environmental  Services  Incinerators  in  Deer  Park,  Texas  and  Lake  Charles, 
Louisiana,  as  well  as  the  ENSCO  incinerator  in  El  Dorado,  Arkansas,  which  is  a 
Defense  Logistics  Agency- approved  site.  GAC  incineration  costs  included  in  this 
section  were  based  on  the  average  per  drum  cost  obtained  from  personnel  at  these 
facilities.  To  minimize  costs  and  risks  associated  with  transportation,  it  would  be 
desirable  to  use  an  incineration  facility  close  to  the  site;  however,  the  closest 
incineration  facility  found  to  be  willing  and  capable  of  treating  the  spent  GAC  was 
located  in  Texas.  Additional  facilities  should  be  investigated  during  the  Remedial 
Design. 
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4.2.3.7  Reinfiltration.  After  the  ground  water  has  been  treated  and  meets  all 
preliminary  remediation  goals,  the  water  will  initially  be  pumped  to  the  explosive 
washout  lagoons,  where  it  will  be  allowed  to  reinfiltrate  into  the  soils  under  the 
lagoons.  Reinfiltration  of  the  treated  ground  water  into  the  lagoons  will  help  flush  the 
remaining  soil  contamination  into  the  ground  water  table,  where  it  will  be  collected 
downgradient  in  the  extraction  wells.  The  flushing  of  the  soil  contamination  will  take 
approximately  eight  months  based  upon  the  model  presented  in  Section  2.4.  The 
objective  of  the  flushing  of  the  soils  beneath  the  lagoons  is  to  further  limit  the  potential 
for  the  explosives  to  be  transported  to  the  ground  water  and  to  provide  additional 
explosive  recovery.  The  ability  to  remove  the  explosives  through  ground  water  flushing 
is  uncertain  and  will  require  close  monitoring  during  the  remedial  action  to  ensure  that 
the  contaminants  are  not  being  spread  into  currently  uncontaminated  regions.  If  the 
contaminants  are  found  to  be  spreading  into  uncontaminated  regions,  then  the 
reinfiltration  to  the  lagoons  will  be  stopped  until  further  options  can  be  evaluated.  In 
addition,  consideration  should  be  given  to  running  bench-scale  flushing  studies  with 
actual  washout  lagoon  soil  to  further  model  the  transport  of  the  contaminants  in  the 
actual  remediation. 

The  infiltration  of  the  ground  water  into  the  lagoons  will  be  completed  by  laying 
perforated  PVC  piping  in  2  feet  of  crushed  stone  at  the  bottom  of  the  excavated 
lagoons.  A  liner  will  then  be  placed  over  the  stone  and  the  treated  soil  from  the 
composting  system  will  be  placed  on  top  of  the  liner.  The  actual  design  of  this 
distribution  system  needs  to  be  investigated  further  during  the  Remedial  Design  to 
calculate  a  percolation  rate  and  ensure  that  the  ground  water  is  evenly  distributed  over 
the  lagoons  and  all  areas  are  flushed. 

After  approximately  eight  months,  the  reinfiltration  of  the  treated  ground  water  will  be 
directed  to  an  infiltration  galley  400  to  800  feet  upgradient  of  the  lagoons.  The  galley 
will  have  five  rows,  each  112  feet  long,  and  a  total  surface  area  of  2,170  square  feet. 
The  reinfiltration  of  the  ground  water  will  be  changed  to  minimize  the  concern  that  the 
discharge  of  the  ground  water  to  the  washout  lagoons  over  a  long  period  of  time  may 
result  in  the  spreading  of  the  contamination  and  an  increase  in  the  length  of  time  to 
clean  up  the  aquifer. 

The  preliminary  design  of  the  infiltration  galley  is  based  on  a  formula  developed  by  the 
U.S.  Department  of  the  Interior,  Bureau  of  Reclamation.  This  formula  develops  an 
infiltration  rate  based  on  the  saturated  vertical  hydraulic  conductivity  (Ky)  which  is  a 
function  of  both  the  soil  porosity  and  the  percolation  rate  of  the  soil.  The  percolation 
rate  is  not  known  for  the  area  near  the  washout  lagoons;  therefore,  based  on  soil  boring 
data  presented  in  the  RI,  a  percolation  rate  of  2  minutes  per  inch  and  an  effective 
porosity  of  0.2  were  estimated.  Actual  percolation  tests  will  need  to  be  conducted 
during  the  Remedial  Design  to  verify  this  estimate. 
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There  are  a  number  of  different  types  of  systems  that  could  be  used  to  provide  these 
infiltration  areas.  These  include  such  systems  as  leaching  pits,  fields,  trenches,  or 
galleys.  For  the  purpose  of  this  FS,  we  have  selected  the  use  of  leaching  galleys; 
however,  during  the  Remedial  Design,  one  of  the  other  types  of  systems  may  be 
selected.  A  leaching  galley  is  a  4  by  4  by  4  foot  concrete  box  with  two  open  ends  and 
perforated  sides  and  bottom.  These  boxes  are  linked  together  into  rows  that  provide 
both  infiltration  area  and  some  level  of  storage  if  there  are  fluctuations  in  the  flow  rate 
to  the  leaching  galleys.  In  sizing  the  leaching  galleys,  we  have  taken  into  account  the 
bottom  area  of  the  leaching  galleys  even  though  there  will  be  some  infiiltration  through 
the  side  walls.  This  provides  some  extra  capacity  for  the  system  if  the  percolation  rate 
is  lower  than  assumed  or  if  additional  pumping  is  required  to  meet  the  cleanup  levels. 

4.2.3.8  Capital  Cost.  The  capital  cost  for  the  UV/oxidation  system  is  approximately 
$2.2  million,  as  is  presented  in  Table  4.2.3-1.  The  capital  cost  of  this  alternative  is 
strongly  dependent  on  the  cost  of  the  UV/oxidation  system  which  is  approximately 
50%  of  the  overall  capital  cost.  The  cost  of  the  UV/oxidation  system  would  be 
increased  if  the  volume  of  water  to  be  treated  increased  or  the  retention  time  to  reach 
the  preliminary  remedial  goals  increased.  If  the  water  volume  to  the  UV  system  was 
increased  or  the  retention  time  was  increased  by  50%  the  capital  cost  would  be 
increased  from  $2.2  million  to  $2.9  million.  The  capital  cost  would  also  be  increased  if 
the  number  of  extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone 
was  maintained;  if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be 
increased  by  approximately  $175,000. 


4.2.3.9  Operating  Cost.  The  annual  operating  cost  for  the  UV/oxidation  system  is 
approximately  $0.79  million,  as  is  presented  in  Table  4.2. 3-2.  Using  the  annual 
operating  cost,  the  NPV  was  calculated  for  the  30  year  scenario,  using  a  5%  and  a  10% 
interest  rate. 


Time 

Frame 

1  -30  years 


5%  Interest  Rate 

10%  Interest  Rate 

Annual 

Discount 

NPV 

Discount  NPV 

Cost 

Factor 

Factor 

$0.79M 

15.8 

$12.5M 

9.9  $7.8M 

The  operating  cost  for  this  alternative  is  strongly  dependent  on  the  electrical  cost  for  the 
operation  of  the  UV/oxidation  system.  The  electrical  cost  would  increase  if  the  size  of 
the  UV/oxidation  system  was  increased.  A  50%  increase  in  the  size  of  the 
UV/oxidation  system  would  increase  the  electrical  costs  from  $366,000  to  $450,000, 
and  the  5%  NPV  would  increase  from  $12.5  million  to  $13.8  million. 


4.2.3.10  NCP  Evaluation  Criteria.  The  degree  to  which  UV/oxidation  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 
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Table  4.2.3-1 :  Capital  Cost  for  Ultraviolet/Oxidatlon  -  Alternative  3A 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  Wells -8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  WeU  Pumps  - 100  gpm,  3  hp 

Pump 

1,550 

3 

4,650 

103 

GW  Buried  Pipeline 

Pipeline/500  ft 

4,250 

6 

25,500 

200 

Equalization 

201 

Equalization/Settling  -  7,000  gal 

Tank 

19,000 

1 

19,000 

202 

Feed  Pump  -  200  gpm,  5  hp 

Pump 

Z200 

2 

4,400 

300 

Metal  Precipitation 

System 

160,000 

1 

160,000 

301 

pH  Control  System 

302 

Oxidant  Addition  Pump 

303 

Treatment  Tank  with  Mixer 

304 

Polymer  Feed  System 

305 

Clarification  System 

306 

Sludge  Thickoiing  System 

307 

Filter  Press 

308 

Multi-Media  Rlter 

400 

UV/Oxidation 

System 

900,000 

1 

900,000 

401 

UV  Reactor 

402 

UV  Feed  Pump 

403 

Ozone  Generation  and  Destmction 

500 

Granular  Activated  Carbon 

501 

GAC  Tank  -  2000  gal 

Tank 

4,250 

2 

8,500 

502 

GAC  Adsorber  -  2000  lb 

Bed 

4,500 

2 

9,000 

503 

Discharge  Pump  -  200  gpm,  7  hp 

Pump 

2,300 

2 

4,600 

600 

Reinfiltration  Galley 

601 

Excavation 

C.Y. 

2 

909 

1,818 

602 

Crushed  Stone 

C.Y. 

19 

302 

5,738 

603 

Backfill 

C.Y. 

2 

90 

180 

604 

Infiltration  Galley 

Galley 

200 

140 

28,000 

700 

Lagoon  Lining 

701 

HDPE  Liner 

Lagoon 

3,000 

2 

6,000 

702 

Crushed  Stone 

C.Y. 

19 

520 

9,880 

Equipment  Subtotal 

$1,277,266 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

127,727 

Plumbing 

10  %  of  Purchased  Equipmmt  Cost 

127,727 

Electrical 

10  %  of  Purchased  Equipment  Cost 

127,727 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

127,727 

Construction  and  Installation 

30  %  of  Purchased  Equipment  Cost 

383,180 

Treatment  System  Building 

sq  feet 

27 

1,200 

32,400 

Installation  Subtotal  $926,486 


Total  Capital  Cost  $2,203,752 

Source:  Arthur  D.  Little,  Inc. 
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Table  4.2.3-2:  Annual  Operating  Cost  for  Ultraviolet/Oxidation  -  Alternative  3A 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five  -Year  Review  (a) 

hours 

50 

80 

4,000 

Metals  Precipitation  (b) 

1000  gal  (c) 

70,956 

0.4 

28,382 

Electrical  (d) 

kw/yr 

6,100,000 

0.06 

366,000 

Ozone 

1000  gal  (c) 

70,956 

0.25 

17,739 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

ton 

2.3 

4500 

10,350 

GAC  Incineration  (e) 

Polyethylene  Lined  Drums 

drum 

13.7 

25 

343 

Shipping 

drum 

13.7 

125 

1,713 

Treatment/Disposal 

drum 

13.7 

420 

5,754 

Disposal  (f) 

ton 

185 

300 

55,500 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (g) 

hours 

2,500 

30 

75,000 

Supervisor  (h) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $635,460 


Variable  Cost  Subtotal  $635,460 

Fixed  Cost 

Maintenance 

Labor  and  Materials  7%  of  Capital  Investment  154,260 

Fixed  Cost  Subtotal  $154,260 

Total  Annual  Operating  Cost  $789,720 


Notes: 

(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Operating  cost  for  metal  precipitation  includes  power  and  chemicals 

(c)  -  Untreated  ground  water 

(d)  -  Electrical  includes  power  for  pumps,  UV  lights,  and  misc.  electrical 
for  heating  building,  lighting,  etc 

(e)  -  Assumes  335  pounds  of  dewatered  GAC/55  gallon  dnun 

(f)  -  Includes  disposal  of  any  solids  or  from  equilization  tank  and  disposal  of  metal 
hydroxide  sludge  from  metal  precipitation 

(g)  -  Two  operators  on-site  3.0  days/week 

(h)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  30 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  1.3x10-5  (see  Section  2.1,  Remedial  Action  Objectives). 

The  alternative  would  also  provide  treatment  of  the  contamination  on  site,  except  for 
small  volumes  of  residuals  such  as  the  metal  hydroxide  sludge  for  the  precipitation 
system  and  the  spent  carbon  from  the  polishing  system.  The  alternative  would  not  pose 
a  short  term  risk  to  human  health  or  the  environment  and  would  maximize  the  amount 
of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  meet  the  preliminary  remediation  goals  in  30  years.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1  and  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  compounds  analytical  detection  limit  prior  to  its  return  to 
the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of 
10%  (Arthur  D.  Little,  1987).  TCLP  analysis  of  the  spent  GAC  would  have  to  be 
performed  to  ensure  that  the  DNT  concentration  is  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  1.3x10-5  in  30  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for  an 
estimated  5,000  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  metal  hydroxide 
sludges  from  the  metal  precipitation  unit  would  be  disposed  of  in  a  solid  waste  landfill, 
depending  on  the  results  of  a  TCLP  and  the  contaminants  adsorbed  on  the  spent  GAC 


RB.67062.43.OU3.12«3 


4-31 


4.0  Detailed  Analysis  of  Alternatives 


would  be  destroyed  by  off- site  incineration  or  by  another  type  of  thermal  treatment 
(regeneration  or  cement  kiln).  Any  solids  removed  from  the  equalization  tank  would  be 
shipped  off-site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  preliminary  remedial 
goals,  and  the  contaminants  would  be  either  destroyed  on  site  in  the  UV/oxidation 
system  or  off  site  when  the  carbon  is  incinerated  or  by  another  type  of  thermal 
treatment  (regeneration  or  cement  kiln).  Therefore,  no  long-term  controls  would  be 
necessary.  All  the  technologies  that  would  be  used  in  this  alternative  are  considered 
reliable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  UV/oxidation  system  would  irreversibly  destroy  the  contaminants  directly  by 
oxidizing  the  contaminants.  Any  remaining  contaminants  would  be  removed  by  the 
GAC  system.  The  UV/oxidation  system  would  remove  approximately  90%  of  the 
contamination  from  the  ground  water  stream  (ICF  Kaiser  Engineers,  1993).  The 
remaining  contaminants  would  be  treated  using  the  GAC  system.  The  contamination 
adsorbed  on  the  GAC  will  be  irreversibly  destroyed  by  off-site  incineration  of  the 
carbon  or  by  another  type  of  thermal  treatment  (regeneration  or  cement  kiln).  This 
treatment  system  will  reduce  the  volume,  toxicity,  and  mobility  of  the  contaminants. 

The  metal  precipitation  system  will  generate  metal  hydroxide  sludges  at  a  rate  of 
approximately  186  tons/year.  These  sludges  will  be  disposed  of  off  site  as  a  solid  waste 
depending  on  the  results  of  a  TCLP  analysis.  In  addition  to  the  sludges,  an  estimated 
100  pounds  of  sediment  will  be  collected  each  year  in  the  equalization  tank  that  will  be 
analyzed  and  disposed  of  off  site  if  found  to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  UV/oxidation  system  is  not  expected  to  increase  the  risk  to  the 
community  or  the  environment  because  the  contaminants  will  be  irreversibly  destroyed 
or  adsorbed  on  the  GAC  and  incinerated.  The  risks  to  the  workers  and  the  environment 
from  using  the  acids,  bases,  and  ozone  would  be  minimized  through  the  use  of 
engineering  controls  and  personal  protective  equipment. 

The  alternative  would  meet  the  remedial  action  objectives  within  30  years.  If  no  active 
remediation  alternative  is  implemented  at  the  site,  the  ground  water  will  not  meet  the 
remedial  action  objectives  for  an  estimated  5,000  years. 
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Implementation 

The  construction  and  operation  of  the  UV/oxidation  system  can  be  easily  implemented 
and  the  system  is  technically  capable  of  treating  the  contaminants  in  the  ground  water. 
The  capacity  of  the  UV/oxidation  system  can  be  increased  if  additional  ground  water 
needs  to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  UV/oxidation  system.  Vendors  are  also  currently  available  for 
the  supply  and  incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.3. 8  and  Section  4.2.3.9, 
respectively. 

4.2.4  Alternative  3B  -  UV/  Oxidation  (10  Years,  Remediated  to  Preliminary 
Remedial  Goals) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
10-year  period  to  remediate  the  ground  water  to  preliminary  remedial  goals  as  shown  in 
Section  2.1.5,  Preliminary  Remediation  Goals  for  Ground  Water  (2.1  p.g/L  for  RDX 
and  2.8  pg/L  for  TNT).  The  ground  water  will  be  treated  by  hydroxide  precipitation  to 
remove  the  background  metals  from  the  contaminated  ground  water  and  then  treated  by 
UV/oxidation  to  destroy  the  explosives  (see  Figure  4.2.3- 1).  Since  it  is  not 
economically  feasible  to  achieve  complete  contaminant  destruction  with  UV/oxidation 
treatment,  granular  activated  carbon  (GAC)  with  off-site  incineration,  or  another 
thermal  treatment  (e.g.,  regeneration,  cement  kiln),  of  the  spent  carbon  will  be  included 
as  a  polishing  step  to  UV/oxidation. 

After  the  ground  water  has  been  treated  and  meets  all  preliminary  remedial  goals,  200 
gpm  will  initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be 
allowed  to  reinfiltrate  into  the  soils  under  the  lagoons.  The  additional  130  gpm  will  be 
pumped  to  the  reinfiltration  galleys.  Reinfiltration  of  the  treated  ground  water  into  the 
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lagoons  wiU  flush  the  remaining  soil  contamination  into  the  ground  water  table  where  it 
will  be  collected  downgradient  in  the  extraction  wells.  After  approximately  six  months 

the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration  galleys  400  to 

800  feet  upgradient  of  the  lagoons. 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.4.1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.4.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring,  for  the 
Institutional  Control  Alternative. 

4.2.4.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.4.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3A 
(see  Section  4.2.3.4,  Ground  Water  Extraction),  except  that  the  total  pumping  rate 
would  be  333  gpm.  Figure  4.2.4- 1  presents  the  extraction  well  locations  and  the 
predicted  ground  water  capture  zone  when  the  extraction  wells  are  operating. 
Intermediate  (15  years)  and  final  (10  years)  contour  maps  are  presented  in  Figures 
4.2.4-2  to  4.2.4-5.  These  figures  along  with  the  capture  zone,  demonstrate  that  this 
alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.4.5  Equalization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization),  except  that  extracted  ground  water  would  be  pumped  to  a 
18,000-gallon  equalization  tank  that  would  provide  an  approximately  50-minute 
retention  time. 
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Simulated  TNT  Concentrations  After  5  Years 


Figure  4.2.4-4:  Simulated  RDX  Concentrations  After  10  Years 


simulated  TNT  Concentrations  After  1 0  Years 
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4.2.4.6  Ultraviolet/  Oxidation. 

4.2.4. 6. 1  Metal  Precipitation.  The  metal  precipitation  method  for  this  ground  water 

alternative  would  be  identical  to  the  metal  precipitation  method  described  for 
Alternative  3 A  (see  Section  4.2.3.6.1,  Metal  Precipitation),  except  that  operating 
parameters,  and  where  appropriate  the  volume  of  material  required  on  a  daily  basis,  for 
the  operation  of  such  a  metal  precipitation  system  at  the  flow  rate  for  this  alternative 
would  be: 


Parameter 


Operating  Condition 


KiMn04  Dose 
Operating  pH 
NaOH  Dose 
Anionic  Polymer  Dose 
H2S04Dose 
Sludge  Production 


40  mg/L  (73  kg/day) 

11.0  units 

400  mg/L  (723  kg/day  50%  NaOH) 
3  mg/L  (5.4  kg/day) 

490  mg/L  (886  kg/day  50%  H2SO4) 

1.2  tons/day  ((2)  30%  solids) 


4.2.4.6.2  UV/Oxidation.  The  ultraviolet/oxidation  method  for  this  alternative  would 
be  identical  to  the  method  described  for  Alternative  3A  (see  Section  4.2.3. 6.2, 
UV/Oxidation)  and  will  not  be  repeated  here. 


4.2.4.6.3  GAC  Polishing.  The  GAC  polishing  method  for  this  alternative  would  be 
identical  to  the  method  described  for  Alternative  3A  (see  Section  4.2.3. 6.3,  GAC 
Polishing)  and  will  not  be  repeated  here. 


4.2.4.7  Reinfiltration.  For  approximately  the  first  six  months,  200  gpm  will  be 
infiltrated  into  the  washout  lagoons  to  flush  the  soils.  The  additional  133  gpm  will  be 
pumped  to  the  reinfiltration  galleys  upgradient  of  the  washout  lagoons.  After  six 
months  all  333  gpm  will  be  sent  to  the  reinfiltration  galleys.  The  reinfiltration  method 
for  this  alternative  would  consist  of  a  slightly  larger  reinfiltration  galley,  approximately 
5,326  square  feet,  but  would  otherwise  be  identical  to  the  system  described  for 
Alternative  3A  (see  Section  4.2.3.7,  Reinfiltration).  A  description  of  this  process  will 
not  be  repeated  here. 


4.2.4.8  Capital  Cost.  The  capital  cost  for  the  UV/oxidation  system  is  approximately 
$3.7  million  as  presented  in  Table  4.2.4- 1.  The  capital  cost  of  this  alternative  is  strongly 
dependent  on  the  cost  of  the  UV/oxidation  system,  which  is  approximately  50%  of  the 
overall  capital  cost.  The  cost  of  the  UV/oxidation  system  would  be  increased  if  the 
volume  of  water  to  be  treated  increased  or  the  retention  time  to  reach  the  preliminary 
remedial  goals  increased.  If  the  water  volume  to  the  UV  system  was  increased  or  the 
retention  time  was  increased  by  50%  the  capital  cost  would  be  increased  from  $3.7 
million  to  $4.4  million.  The  capital  cost  would  also  be  increased  if  the  number  of 
extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone 
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Table  4.2.4-1 :  Capital  Cost  for  Ultravlolet/Oxidatlon  -  Alternative  3B 


Item  No 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  1 55  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps  -  250  gpm,  7.5  hp 

I*ump 

2,550 

3 

7,650 

103 

GW  Buried  Pipeline 

F*ipeline/500  ft 

4,250 

6 

25,500 

200 

Equalization 

201 

Equalization/Settling  - 18,000  gal 

Tank 

50,800 

1 

50,800 

202 

Feed  Pump  -  350  gpm,  7  hp 

Pump 

2,800 

2 

5,600 

300 

Metal  Precipitation 

System 

296,000 

1 

296,000 

301 

pH  Control  System 

302 

Oxidant  Addition  Pump 

303 

Treatment  Tank  with  Mixer 

304 

Polymer  Feed  System 

305 

Clarification  System 

306 

Sludge  Thickening  System 

307 

Filter  Press 

308 

Multi-Media  Filter 

400 

UV/Oxidatioo 

System 

1,560,000 

1 

1,560,000 

401 

UV  Reactor 

402 

UV  Feed  Pump 

403 

Ozone  Generation  and  Destmction 

500 

Granular  Activated  Carbon 

501 

GAC  Tank -2000  gal 

Tank 

4,250 

2 

8,500 

502 

GAC-20001b 

Bed 

4,500 

2 

9,000 

503 

Discharge  Pump  -  350  gpm,  8  hp 

Pump 

2,900 

2 

5,800 

600 

Reinfiltration  Galley 

601 

Excavation 

C.Y. 

2 

2,177 

4,898 

602 

Crushed  Stone 

C.Y. 

19 

725 

13,848 

603 

Backfill 

C.Y. 

2 

217 

365 

604 

Infiltration  Galley 

Galley 

200 

333 

66,600 

700 

Lagoon  Lining 

701 

HDPE  Liner 

Lagoon 

3000 

2 

6,000 

702 

Crushed  Stone 

C.Y. 

19.1 

520 

9,932 

Equipment  Subtotal 

- 

$2,160,492 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

216,049 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

216,049 

Electrical 

10  %  of  Purchased  Equipment  Cost 

216,049 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

216,049 

Construction  and  Installation 

30  %  of  Purchased  Equipmoit  Cost 

648,148 

Treatment  System  Building 

sqfeet 

27 

UOO 

32,400 

Installation  Subtotal  $1^44,745 


Total  Capital  Cost  $3,705,237 

Source:  Arthur  D.  Little,  Inc. 
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was  maintained;  if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be 
increased  by  approximately  $175,000. 

4.2.4.9  Operating  Cost.  The  annual  operating  cost  for  the  UV/oxidation  system  is 
approximately  $1.6  million,  as  presented  in  Table  4.2.4-2.  Using  the  annual  operating 
cost,  the  NPV  was  calculated  for  the  10-year  scenario  using  a  5%  and  a  10%  interest 
rate. 


5%  Interest  Rate 

10%  Interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1-10  years 

$1.6M 

7.9 

$12.6M 

6.0  $9.6M 

The  operating  cost  for  this  alternative  is  strongly  dependent  on  the  electrical  cost  for  the 
operation  of  the  UV/oxidation  system.  The  electrical  cost  would  increase  if  the  size  of 
the  UV/oxidation  system  was  increased.  A  50%  increase  in  the  size  of  the 
UV/oxidation  system  would  increase  the  electrical  costs  from  $900,000  to  $1,100,000, 
and  the  5%  NPV  would  increase  from  $12.6  million  to  $14.3  million. 

4.2.4.10  NCP  Evaluation  Criteria.  The  degree  to  which  UV/oxidation  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  10 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.0.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  1.3x10-5  (see  Section  2.1,  Remedial  Action  Objectives). 

The  alternative  would  also  provide  treatment  for  the  contamination  on  site,  except  for 
small  volumes  of  residuals  such  as  the  metal  hydroxide  sludge  for  the  precipitation 
system  and  the  spent  carbon  from  the  polishing  system.  The  alternative  would  not  pose 
a  short-term  risk  to  human  health  or  the  environment  and  would  maximize  the  amount 
of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  meet  the  preliminary  remediation  goals  in  10  years.  The 
alternative  would  meet  all  action- specific  ARARs,  including: 
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Table  4.2.4-2:  Annual  Operating  Cost  for  Ultraviolet/Oxidation  -  Alternative  3B 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Doliars) 

Annuai  Cost 
(1993  Doiiars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five  -Year  Review  (a) 

hours 

50 

80 

4,000 

Metals  Precipitation  (b) 

1000  gal  (c) 

173,448 

0.4 

69,379 

Electrical  (d) 

kw/yr 

15,000,000 

0.06 

900,000 

Ozone 

1000  gal  (c) 

173,448 

0.25 

43,362 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

ton 

5.6 

4500 

25,200 

GAC  Incineration  (e) 

Polyethylene  Lined  Drums 

drum 

33.4 

25 

835 

Shipping 

drum 

33.4 

125 

4,175 

Treatment/Disposal 

drum 

33.4 

420 

14,028 

Disposal  (f) 

ton 

455 

300 

136,500 

Operadonal  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (g) 

hours 

2,500 

30 

75,000 

Supervisor  (h) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $1^43,159 

Fbced  Cost 


Variable  Cost  Subtotal  $1^43,15^ 

Fbced  Cost 

Maintenance 

Labor  and  Materials  7%  of  Capital  Investment  259,370 

Fixed  Cost  Subtotal  $259,370 

Total  Annual  Operating  Cost  $1,602,529 


Notes: 

(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Operating  cost  for  metal  precipitation  includes  power  and  chemicals 

(c)  -  Untreated  ground  water 

(d)  -  Electrical  includes  power  for  pumps,  UV  lights,  and  misc.  electrical 
for  heating  building,  lighting,  etc. 

(e)  -  Assumes  335  pounds  of  dewatered  GAC/55  gallon  drum 

(f)  -  Includes  disposal  of  any  solids  or  from  equilization  tank  and  disposal  of  metal 
hydroxide  sludge  from  metal  precipitation 

(g)  -  Two  operators  on-site  3.0  days/week 

(h)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  ground  water  will  be  treated  to  ensure  that  each  compound 
meets  a  hazard  index  of  1  and  an  excess  cancer  risk  of  10-6  prior  to  its  return  to  the 
aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of 
10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to 
be  performed  to  ensure  that  the  DNT  concentration  was  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  1.3x10-5  in  10  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for 
5,000  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  metal  hydroxide 
sludges  from  the  metal  precipitation  unit  would  be  disposed  of  in  a  hazardous  waste 
landfill,  and  the  contaminants  adsorbed  on  the  spent  GAC  would  be  destroyed  by  off¬ 
site  incineration  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement 
kiln).  Any  free  product  removed  from  the  equalization  tank  would  be  shipped  off-site 
for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  preliminary  remedial 
goals,  and  the  contaminants  would  be  either  destroyed  in  the  UV/oxidation  system  or 
when  the  carbon  is  incinerated  or  by  another  type  of  thermal  treatment  (e.g., 
regeneration  or  a  cement  kiln).  Therefore,  no  long-term  controls  would  be  necessary. 
All  the  technologies  that  would  be  used  in  this  alternative  are  considered  reliable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  UV/oxidation  system  would  irreversibly  destroy  the  contaminants  directly  by 
oxidizing  the  contaminants.  Any  remaining  contaminants  would  be  removed  by  the 
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liquid  phase  GAC  system.  The  UV/oxidation  system  would  remove  approximately  90% 
of  the  contamination  from  the  ground  water  stream  (IGF  Kaiser  Engineers,  1993).  The 

remaining  contaminants  would  be  treated  using  the  liquid  phase  GAC  system.  The 

contamination  adsorbed  on  the  liquid  phase  GAC  will  be  irreversibly  destroyed  by  off¬ 
site  incineration  of  the  carbon  or  by  another  type  of  thermal  treatment  (e.g., 
regeneration  or  a  cement  kiln).  This  treatment  system  will  reduce  the  volume,  toxicity, 
and  mobility  of  the  contaminants. 

The  metal  precipitation  system  will  generate  metal  hydroxide  sludges  at  a  rate  of 
approximately  455  tons/year.  These  sludges  will  be  disposed  of  off  site  as  a  hazardous 
waste.  In  addition  to  the  sludges,  an  estimated  200  pounds  of  sediment  will  be  collected 
each  year  in  the  equalization  tank  that  will  be  analyzed  and  disposed  of  on  site  if  found 
to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  UV/oxidation  system  is  not  expected  to  increase  the  risk  to  the 
community  because  the  contaminants  will  be  irreversibly  destroyed  or  adsorbed  on  the 
GAC  and  incinerated  off  site.  The  risks  to  the  workers  from  using  the  acids,  bases,  and 
ozone  would  be  minimized  through  the  use  of  engineering  controls  and  personal 
protective  equipment. 

The  alternative  would  meet  the  remedial  action  objectives  within  10  years.  If  no  active 
remediation  alternative  is  implemented  at  the  site,  the  ground  water  will  not  meet  the 
remedial  action  objectives  for  an  estimated  5,000  years. 

Implementation 

The  construction  and  operation  of  the  UV/oxidation  system  can  be  easily  implemented 
and  is  technically  capable  of  treating  the  contaminants  in  the  ground  water.  The 
capacity  of  the  UV/oxidation  system  can  be  increased  if  additional  ground  water  needs 
to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradients. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  UV/oxidation  system.  Vendors  are  also  currently  available  for 
the  supply  and  incineration  of  the  GAC. 
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State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.4.8  and  Section  4.2.4.9, 
respectively. 

4.2.5  Alternative  4A  -  Carbon  Adsorption  (30  Years,  Remediated  to  Preliminary 
Remedial  Goals) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
thirty  year  period  to  remediate  the  ground  water  to  preliminary  remedial  goals  as  shown 
in  Section  2.1.5,  fteliminary  Remediation  Goals  for  Ground  Water  (2.1  pg/L  for  RDX 
and  2.8  |igA-  for  TNT).  The  ground  water  will  be  treated  by  granular  activated  carbon 
(GAC)  to  remove  the  explosives  (Figure  4.2.5- 1). 

After  the  ground  water  has  been  treated  and  meets  all  preliminary  remediation  goals,  it 
wUl  initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be  allowed  to 
reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated  ground  water 
into  the  lagoons  wUl  flush  the  remaining  soU  contamination  into  the  ground  water  table, 
where  it  wUl  be  collected  downgradient  in  the  extraction  wells.  After  approximately 
eight  months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  400  to  800  feet  upgradient  of  the  lagoons. 

The  GAC  option  would  be  designed  to  handle  the  same  ground  water  flow  rates  and 
contaminant  concentrations  as  the  UV/oxidation  system  described  in  Section  4.2.3, 
Alternative  3 A,  and  depicted  in  Figure  4.2.3- 1.  The  spent  carbon  from  the  GAC 
treatment  beds  would  be  incinerated  off  site  at  any  of  the  commercial  hazardous  waste 
incinerators  (or  a  cement  kiln)  described  in  Section  4.2.5. 6;  each  of  the  incinerators 
listed  in  this  section  is  capable  of  treating  the  spent  carbon  from  this  treatment  system. 
Regeneration  of  the  spent  carbon  contaminated  with  explosives  is  not  currently 
considered  feasible  due  to  the  destruction  of  carbon  particles  during  regeneration; 
however,  if  the  regeneration  process  becomes  feasible  during  the  remedial  action, 
regeneration  would  be  considered. 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.5. 1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
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Figure  4.2.5-1:  Conceptual  Flow  Diagram  of  Primary  GAC  Treatment  of  Contaminated  Ground  Water 
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Source:  Arthur  D.  Little,  Inc. 
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level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.5.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring  for  the 
Institutional  Control  Alternative. 

4.2.5.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.5. 4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3A 
(see  Section  4.2.3.4,  Ground  Water  Extraction).  Figure  4.2.3- 1  presents  the  extraction 
well  locations  and  the  predicted  ground  water  capture  zones  when  the  extraction  wells 
are  operating.  Intermediate  (15  years)  and  final  (30  years)  contour  maps  are  presented 
in  Figures  4.2.3-3  to  4.2.3-6.  These  figures,  along  with  the  capture  zone,  demonstrate 
that  this  alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.5.5  Equaiization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization).  The  extracted  ground  water  would  be  pumped  to  a  7,000-gallon 
equalization  tank  that  would  provide  an  approximately  50-minute  retention  time. 

4.2.5.6  GAC  Primary  Treatment.  The  ground  water  would  be  pumped  from  the 
equalization  tank  to  the  GAC  primary  treatment  beds  without  metals  precipitation.  The 
primary  treatment  carbon  adsorbers  would  be  sized  to  remove  the  explosive  ground 
water  contaminants  to  preliminary  remedial  goals  without  the  use  of  any  other 
treatment. 

The  GAC  polishing  unit  would  consist  of  two  parallel  treatment  trains  consisting  of 
2,000-pound  carbon  beds  contained  in  tanks  sized  to  allow  for  adequate  absorbent  time. 
The  carbon  beds  would  not  be  operated  until  saturation,  but  rather  only  until  an  average 
0.07  lb  contaminant  per  lb  GAC  loading  was  achieved.  This  ceihng  on  loading  is  to 
ensure  that  the  adsorbed  contaminant/GAC  matrix  does  not  approach  its  explosive 
limit.  When  test  results  indicated  that  the  carbon  bed  was  spent,  the  polishing  system 
would  be  switched  over  to  the  standby  bed.  Carbon  usage  would  be  approximately  125 
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Ib/day;  therefore,  each  carbon  bed  is  expected  to  last  approximately  16  days  based  upon 
the  design  flow  rate  (see  Appendix  C). 

To  change  the  spent  carbon,  untreated  water  from  the  equalization  vessel  would  be  used 
to  slurry  the  column  into  a  hopper.  The  GAC  would  be  allowed  to  gravity  drain  for 
approximately  24  hours,  and  would  then  be  screw -fed  from  the  hopper  into  drums.  The 
water  drained  from  the  hopper  would  be  collected  and  recirculated  back  to  the 
equalization  vessel  for  treatment. 

The  drums  containing  the  spent,  but  not  saturated,  carbon  would  be  shipped  off  site  for 
thermal  treatment  (e.g.,  incineration,  cement  kiln,  regeneration).  Incineration  was 
selected  for  costing  purposes  in  the  FS  because  it  is  the  most  common  disposal  method 
for  explosive  ladden  GAC  at  explosive  manufacturing  plants  (Arthur  D.  Little,  1993). 
Several  commercial  incineration  facilities  were  determined  to  be  capable  of  handling 
explosive-laden  GAC  in  bulk  or  drum.  These  commercial  facilities  included:  the 
Chemical  Waste  Management  incinerators  in  Port  Arthur,  Texas  and  Chicago,  Illinois, 
the  Rollins  Environmental  Services  Incinerators  in  Deer  Park,  Texas  and  Lake  Charles, 
Louisiana,  as  well  as  the  ENSCO  incinerator  in  El  Dorado,  Arkansas,  which  is  a 
Defense  Logistics  Agency- approved  site.  GAC  incineration  costs  included  in  this 
section  were  based  on  the  average  per  drum  cost  obtained  from  personnel  at  these 
facilities.  To  minimize  costs  and  risks  associated  with  transportation,  it  would  be 
desirable  to  use  an  incineration  facility  close  to  the  site;  however,  the  closest 
incineration  facility  found  to  be  willing  and  capable  of  treating  the  spent  GAC  was 
located  in  Texas.  Additional  facilities  should  be  investigated  during  the  Remedial 
Design. 

4.2.5.7  Reinfiltration.  The  reinfiltration  method  for  this  alternative  would  consist  of 
a  reinfiltration  galley  identical  to  that  described  for  Alternative  3A  (see  Section  4.2.3.7, 
Reinfiltration).  A  description  of  the  reinfiltration  process  will  not  be  repeated  here. 

4.2.5.8  Capital  Cost.  The  capital  cost  for  the  GAC  treatment  system  is 
approximately  $0.4  million,  as  presented  in  Table  4.2.5- 1.  The  capital  cost  for  the  GAC 
system  is  spread  out  fairly  evenly  between  all  the  unit  operations.  A  moderate  increase 
in  the  flow  rate  or  the  concentration  of  contaminants  in  the  inlet  would  not  require  a 
larger  GAC  system.  The  capital  cost  would  also  be  increased  if  the  number  of 
extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone  was  maintained; 
if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be  increased  by 
approximately  $175,000. 

4.2.5.9  Operating  Cost.  The  annual  operating  cost  for  the  GAC  treatment  system  is 
approximately  $0.4  million,  as  presented  in  Table  4.2.5-2.  Using  the  annual  operating 
cost,  the  NPV  was  calculated  for  the  30-year  scenario  using  a  5%  and  a  10%  interest 
rate. 
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Table  4.2.5-1 ;  Capital  Cost  for  Granular  Activated  Carbon  -  Alternative  4A 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993  $) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps  - 100  gpm,  3  hp 

Pump 

1,550 

3 

4,650 

103 

GW  Buried  Pipeline 

Pipelme/500  ft 

4,250 

6 

25,500 

200 

Equalization 

19,000 

201 

Equalization/Settling  -  7,000  gal 

Tank 

19,000 

1 

202 

Feed  Pump  -  200  gpm,  5  hp 

Pump 

2,200 

2 

4,400 

300 

Granular  Activated  Carbon 

301 

GAC  Tank  -  2000  gal 

Tank 

4,250 

2 

8,500 

302 

GAC  -  2000  lb 

Bed 

4,500 

2 

9,000 

303 

Discharge  Pump  -  200  gpm,  7  hp 

Pump 

2,300 

2 

4,600 

400 

Relnflltration  Galley 

401 

Excavation 

C.Y. 

2 

909 

2,045 

402 

Crushed  Stone 

C.Y. 

19 

302 

5,768 

403 

Backfill 

C.Y. 

2 

90 

151 

404 

Infiltration  Galley 

Galley 

200 

140 

28,000 

500 

Lagoon  Lining 

501 

HOPE  Lining 

Lagoon 

3,000 

2 

6,000 

502 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

$217,547 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

21,755 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

21,755 

Electrical 

10  %  of  Purchased  Equipment  Cost 

21,755 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

21,755 

Construction  and  Installation 

30  %  of  Purchased  Equipment  Cost 

65,264 

Treatment  System  Building 

sqfeet 

27 

1,200 

32,400 

Installation  Subtotal  $184,683 


Total  Capital  Cost 


$402,229 


Source:  Arthur  D.  Little,  Inc. 
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Table  4.2.5-2:  Annual  Operating  Cost  for  Granular  Activated  Carbon  -  Alternative  4A 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five-Year  Review  (a) 

hours 

50 

80 

4,000 

Electrical  (b) 

kw/yr 

424,000 

0.06 

25,440 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

Ton 

22.8 

4500 

102,600 

GAC  Incineration  (c) 

Polyethylene  Lined  Drums 

drum 

137 

25 

3,425 

Shipping 

drum 

137 

125 

17,125 

Treatment/Disposal 

drum 

137 

420 

57,540 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (d) 

hours 

2,500 

30 

75,000 

Supervisor  (e) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $355,810 

Fixed  Cost 


Variable  Cost  Subtotal  $355,810 

Fixed  Cost 

Maintenance 

Labor  and  Materials  7  %  of  Capital  Investment  28 , 1 60 

Fixed  Cost  Subtotal  $28,160 

Total  Annual  Operating  Cost  $383,970 

Notes: 


(a)  —  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Electrical  includes  power  for  pumps,  and  misc,  electrical 
for  heating  building,  lighting,  etc. 

(c)  -  Assumes  335  pounds  of  GAC/55  gallon  drum 

(d)  -  Two  operators  on-site  3.0  days/week 

(e)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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5%  interest  Rate 

10%  interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1-30  years 

$0.4M 

15.8 

$6.3M 

9.9  $4.0M 

The  carbon  purchase  and  carbon  disposal  represent  the  largest  operating  costs  for  this 
alternative.  If  the  flow  rate  or  the  contaminant  concentration  in  the  inlet  to  the  GAC 
system  was  increased  by  50%  carbon  usage  would  also  increase  by  50%.  This  increase 
in  carbon  usage  would  increase  the  operating  costs  from  $380,000  to  $464,000,  and  the 
5%  NPV  would  increase  from  $6.3  million  to  $7.8  million. 

4.2.5.10  NCP  Evaluation  Criteria.  The  degree  to  which  GAC  treatment  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  30 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  1.3x10-5  (see  Section  2.1,  Remedial  Action  Objectives). 

Unlike  the  UV/oxidation  alternatives,  this  alternative  would  not  provide  treatment  for 
the  contamination  on-site.  The  spent  GAC  would  be  sent  off-site  for  thermal 
destruction.  The  alternative  would  not  pose  a  short-term  risk  to  human  health  or  the 
environment  and  would  maximize  the  amount  of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  meet  the  preliminary  remediation  goals  in  30  years.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-^,  or  the  compound's  detection  limit  prior  to  its  return  to  the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of 
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10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to  be 
performed  to  ensure  that  the  DNT  concentration  is  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  1.3  x  10-5  in  30 
years.  Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached 
for  5,000  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  spent  GAC 
contaminants  would  be  destroyed  at  a  permitted  off  site  incinerator  or  by  another  type 
of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  Any  solids  removed  from  the 
equalization  tank  would  be  shipped  off-site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  stated  cleanup  levels 
for  the  alternative,  and  the  contaminants  would  be  destroyed  when  the  carbon  is 
incinerated  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln). 
Therefore,  no  long-term  controls  would  be  necessary.  The  technologies  that  would  be 
used  in  this  alternative  are  considered  to  be  reliable  and  have  been  proven  at  other 
similar  sites. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  contaminants  would  be  treated  using  the  GAC  system;  any  contamination  adsorbed 
on  the  GAC  will  be  irreversibly  destroyed  by  incineration  of  the  carbon  or  by  another 
type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  This  treatment  system 
will  reduce  the  volume,  toxicity,  and  mobility  of  the  contaminants. 

The  primary  GAC  treatment  system  will  generate  approximately  23  tons/year  of  spent 
carbon  for  off-site  incineration.  In  addition  to  the  spent  GAC,  an  estimated  100  pounds 
of  sediment  will  be  collected  each  year  in  the  equalization  tank  that  will  be  analyzed 
and  disposed  of  on  site  if  found  to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  GAC  treatment  system  is  not  expected  to  increase  the  risk  to  the 
community  or  the  environment  because  the  contaminants  will  be  adsorbed  on  the  GAC 
and  thermally  destroyed.  The  risks  to  the  workers  and  the  environment  from 
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accumulation  of  explosive  levels  of  contaminants  on  the  GAC  would  be  minimized 
through  the  operational  limit  on  allowable  capacity,  as  well  as  the  use  of  engineering 
controls  and  personal  protective  equipment. 

The  alternative  would  meet  the  remedial  action  objectives  within  30  years.  If  no  active 
remediation  alternative  is  implemented  at  the  site,  the  ground  water  will  not  meet  the 
remedial  action  objectives  for  an  estimated  5,000  years. 

Implementation 

The  construction  and  operation  of  the  GAC  treatment  system  can  be  easily 
implemented  and  is  technically  capable  of  treating  the  contaminants  in  the  ground 
water.  The  capacity  of  the  GAC  system  can  be  increased  if  additional  ground  water 
needs  to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected.  The 
design  of  the  treatment  system  will  also  facilitate  system  scale-down  as  the  contaminant 
loading  decreases  over  the  life  of  the  project. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  system.  Vendors  are  also  currently  available  for  the  supply  and 
incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2. 5. 8  and  Section  4.2.5.9, 
respectively. 

4.2.6  Alternative  4B  -  Carbon  Adsorption  (10  Years,  Remediated  to  Preliminary 
Remedial  Goals) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
10-year  period  to  remediate  the  ground  water  to  preliminary  remedial  goals  as  shown  in 
Section  2.1.5,  Preliminary  Remediation  Goals  for  Ground  Water  (2.1  |ig/L  for  RDX 
and  2.8  |ig/L  for  TNT).  The  ground  water  will  be  treated  by  granular  activated  carbon 
(GAC)  to  remove  the  explosives  (See  Figure  4.2.5- 1). 
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After  the  ground  water  has  been  treated  to  meet  all  preliminary  remediation  goals,  200 
gpm  will  initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be 
allowed  to  reinfiltrate  into  the  soils  under  the  lagoons.  The  additional  130  gpm  will  be 
pumped  to  the  reinfiltration  galleys.  Reinfiltration  of  the  treated  ground  water  into  the 
lagoons  will  flush  the  remaining  soil  contamination  into  the  ground  water  table,  where 
it  will  be  collected  downgradient  in  the  extraction  wells.  After  approximately  six 
months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  400  to  800  feet  upgradient  of  the  lagoons. 

The  GAC  option  would  be  designed  to  handle  the  same  ground  water  flow  rates  and 
contaminant  concentrations  as  the  UV/oxidation  system  described  in  Section  4.2.4, 
Alternative  3B,  and  depicted  in  Figure  4.2.4- 1.  The  spent  carbon  from  the  GAC 
treatment  beds  would  be  incinerated  off  site  at  any  of  the  commercial  hazardous  waste 
incinerators  (or  a  cement  kiln)  described  in  Section  4.2.5. 6;  each  of  the  incinerators 
listed  in  this  section  is  capable  of  treating  the  spent  carbon  from  this  treatment  system. 
Regeneration  of  the  spent  carbon  contaminated  with  explosives  is  not  currently 
considered  feasible  due  to  the  destruction  of  carbon  particles  during  regeneration; 
however,  if  the  regeneration  process  becomes  feasible  during  the  remedial  action, 
regeneration  would  be  considered. 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.6.1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.6.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2. 2.2,  Monitoring,  for  the 
Institutional  Control  Alternative. 

4.2.6.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 
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4.2.6.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3B 
(see  Section  4.2.4.4,  Ground  Water  Extraction).  Figure  4.2.4- 1  presents  the  extraction 
well  locations  and  the  predicted  ground  water  capture  zone  when  the  extraction  wells 
are  operating.  Intermediate  (15  years)  and  final  (10  years)  contour  maps  are  presented 
in  Figures  4.2.4-2  to  4.2.4-5.  These  figures,  along  with  the  capture  zone,  demonstrate 
that  this  alterative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4. 2.6.5  Equaiization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3B  (see  Section 
4.2.4.5,  Equalization).  The  extracted  ground  water  would  be  pumped  to  a  18,000- 
gallon  equalization  tank  that  would  provide  an  approximately  50-minute  retention  time. 

4.2.6.6  GAC  Primary  Treatment.  The  GAC  treatment  method  for  this  ground  water 
alternative  would  be  identical  to  the  GAC  treatment  method  described  for  Alternative 
4A  (see  Section  4.2. 5. 6,  GAC  Primary  Treatment),  except  that  the  volume  of  GAC 
required  on  a  daily  basis  for  the  operation  of  the  treatment  system  at  the  flow  rate  for 
this  alternative  would  be  approximately  310  pounds  GAC  per  day  (see  Appendix  C). 
Therefore,  each  carbon  bed  would  last  approximately  6.5  days  before  being  removed 
for  incineration. 

4.2.6.7  Reinfiitration.  For  approximately  the  first  two  months,  200  gpm  will  be 
infiltrated  into  the  washout  lagoons  to  flush  the  soils.  The  additional  133  gpm  will  be 
pumped  to  the  reinfiitration  galleys  upgradient  of  the  washout  lagoons.  After  six 
months  all  333  gpm  will  be  sent  to  the  reinfiitration  galleys.  The  reinfiitration  method 
for  this  alternative  would  consist  of  a  slightly  larger  reinfiitration  galley,  approximately 
5,326  square  feet,  but  would  otherwise  be  identical  to  the  system  described  for 
Alternative  3A  (see  Section  4.2.3.7,  Reinfiitration).  A  description  of  this  process  will 
not  be  repeated  here. 

4.2.6.8  Capital  Cost.  The  capital  cost  for  the  GAC  treatment  system  is 
approximately  $0.55  million,  as  presented  in  Table  4.2.6- 1.  The  capital  cost  for  the 
GAC  system  is  spread  out  fairly  evenly  between  all  the  unit  operations.  A  moderate 
increase  in  the  flow  rate  or  the  concentration  of  contaminants  in  the  inlet  would  not 
require  a  larger  GAC  system.  The  capital  cost  would  also  be  increased  if  the  number  of 
extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone  was  maintained; 
if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be  increased  by 
approximately  $  1 75 ,000. 

4.2.6.9  Operating  Cost.  The  annual  operating  cost  for  the  GAC  treatment  system  is 
approximately  $0.7  million,  as  presented  in  Table  4.2.6-2.  Using  the  annual  operating 
cost,  the  NPV  was  calculated  for  the  10  year  scenario  using  a  5%  and  a  10%  interest 
rate. 
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Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps  -  250  gpm,  7.5  hp  Pump 

2,550 

3 

7,650 

103 

GW  Buried  Pipeline 

Pipelme/500  ft 

4,250 

6 

25400 

200 

Equalization 

201 

Equalization/Settling  -  18,000  gal 

Tank 

50,800 

1 

50,800 

202 

Feed  Pump  -  350  gpm,  7  hp 

Pump 

2,800 

2 

5,600 

300 

Granular  Activated  Carbon 

301 

GAC  Tank  -  2000  gal 

Tank 

4,250 

2 

8400 

302 

GAC  -  2000  lb 

Bed 

4,500 

2 

9,000 

303 

Discharge  Pump  -  350  gpm,  8  hp 

Pump 

2,900 

2 

5,800 

400 

Reinflltratlon  Galley 

401 

Excavation 

C.Y. 

2 

2,177 

4,898 

402 

Crushed  Stone 

C.Y. 

19 

725 

13,848 

403 

Backfill 

C.Y. 

2 

217 

365 

404 

Infiltration  Galley 

Galley 

200 

333 

66,600 

300 

Lagoon  Lining 

501 

HDPE  Lining 

Lagoon 

3,000 

2 

6,000 

502 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

- 

$304,492 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

30,449 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

30,449 

Electrical 

10  %  of  Purchased  Equipment  Cost 

30,449 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

30,449 

Construction  and  Installation 

30  %  of  Purchased  Equipment  Cost 

91448 

Treatment  System  Building 

sq  feet 

27 

1,200 

32,400 

Installation  Subtotal 


Total  Capital  Cost 


$550,037 


Source:  Arthur  D.  Little,  Inc. 
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Table  4.2.6-2:  Annual  Operating  Cost  for  Granular  Activated  Carbon  -  Alternative  4B 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five-Year  Review  (a) 

hours 

50 

80 

4,000 

Electrical  (b) 

kw/yr 

615,120 

0.06 

36,907 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

Ton 

56.5 

4500 

254,250 

GAC  Incineration  (c) 

Polyethylene  Lined  Drums 

Drum 

337 

25 

8,425 

Shipping 

Drum 

337 

125 

42,125 

Treatment/Disposal 

Drum 

337 

420 

141,540 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (d) 

hours 

2,500 

30 

75,000 

Supervisor  (e) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $632,927 


Fixed  Cost 


Maintenance 

Labor  and  Materials  7  %  of  Capital  Investment 

Fixed  Cost  Subtotal 
Total  Annual  Operating  Cost 


38,500 

$38,500 

$671,427 


Notes: 

(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Electrical  includes  power  for  pumps,  and  misc.  electrical 
for  heating  building,  lighting,  etc. 

(c)  -  Assumes  335  pounds  of  GAC/55  gallon  drum 

(d)  -  Two  operators  on-site  3.0  days/week 

(e)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthm  D.  Little,  Inc. 
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Time 

Annual 

Frame 

Cost 

1-10  years 

$0.7M 

5%  Interest  Rate 

10%  Interest  Rate 

Discount 

NPV 

Discount 

NPV 

Factor 

Factor 

7.9 

$5.5M 

6.0 

$4.2M 

The  carbon  purchase  and  carbon  disposal  represent  the  largest  operating  costs  for  this 
alternative.  If  the  flow  rate  or  the  contaminant  concentration  in  the  inlet  to  the  GAC 
system  was  increased  by  50%  carbon  usage  would  also  increase  by  50%.  This  increase 
in  carbon  usage  would  increase  the  operating  costs  from  $670,000  to  $880,000,  and  the 
5%  NPV  would  increase  from  $5.5  million  to  $7.2  million. 


4.2.6.10  NCP  Evaluation  Criteria.  The  degree  to  which  GAC  treatment  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  10 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.0.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  1.3x10-5  (see  Section  2.1,  Remedial  Action  Objectives). 

Unlike  the  UV/oxidation  alternatives  this  alternative  would  not  provide  treatment  for 
the  contamination  on  site.  The  spent  GAC  would  be  sent  off  site  for  thermal 
destruction.  The  alternative  would  not  pose  a  short-term  risk  to  human  health  or  the 
environment  and  would  maximize  the  amount  of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  meet  the  preliminary  remediation  goals  in  10  years.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  compound's  detection  limit  prior  to  its  return  to  the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  exposure  concentration  in  the  spent 
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carbon  will  be  equal  to  or  less  than  1%,  which  is  well  below  the  explosive  limit  of 
10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to 
be  performed  to  ensure  that  the  DNT  concentration  is  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  1.3  x  10-5  in  10 
years.  Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached 
for  5,000  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  contaminants 
would  be  adsorbed  onto  the  GAC,  which  would  then  be  destroyed  at  a  permitted  off¬ 
site  incinerator  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement 
kiln).  Any  solids  removed  from  the  equalization  tank  would  be  shipped  off  site  for 
treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  stated  cleanup  levels 
for  the  alternative,  and  the  contaminants  would  be  destroyed  when  the  carbon  is 
incinerated  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln). 
Therefore,  no  long-term  controls  would  be  necessary.  The  technologies  that  would  be 
used  in  this  alternative  are  considered  to  be  reliable  and  have  been  proven  at  other 
similar  sites. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  contaminants  would  be  treated  using  the  GAC  system;  any  contamination  adsorbed 
on  the  GAC  will  be  irreversibly  destroyed  by  incineration  of  the  carbon  or  by  another 
type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  This  treatment  system 
will  reduce  the  volume,  toxicity,  and  mobility  of  the  contaminants. 

The  primary  GAC  treatment  system  will  generate  approximately  57  tons/year  of  spent 
carbon  for  off-site  incineration.  In  addition  to  the  spent  GAC,  an  estimated  200  pounds 
of  sediment  will  be  collected  each  year  in  the  equalization  tank;  this  material  will  be 
analyzed  and  disposed  of  on  site  if  found  to  be  free  of  contamination. 
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Short-Term  Effectiveness 

The  operation  of  the  GAC  treatment  system  is  not  expected  to  increase  the  risk  to  the 
community  or  the  environment  because  the  contaminants  will  be  adsorbed  on  the  GAC 
and  incinerated.  The  risks  to  the  workers  and  the  environment  from  accumulation  of 
explosive  levels  of  contaminants  on  the  GAC  would  be  minimized  through  the 
operational  restriction  on  carbon  loading,  as  well  as  the  use  of  engineering  controls  and 
personal  protective  equipment.  The  alternative  would  meet  the  remedial  action 
objectives  within  10  years.  If  no  active  remediation  alternative  is  implemented  at  the 
site,  the  ground  water  will  not  meet  the  remedial  action  objectives  for  an  estimated 
5,000  years. 

Implementation 

The  construction  and  operation  of  the  GAC  treatment  system  can  be  easily 
implemented  and  is  technically  capable  of  treating  the  contaminants  in  the  ground 
water.  The  capacity  of  the  GAC  system  can  be  increased  if  additional  ground  water 
needs  to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected.  The 
design  of  the  treatment  system  will  also  facilitate  system  scale-down  as  the  contaminant 
loading  decreases  over  the  life  of  the  project. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  system.  Vendors  are  also  currently  available  for  the  supply  and 
incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.6.8  and  Section  4.2.6.9, 
respectively. 

4.2.7  Alternative  5A  -  UV/Oxidation  (30  Years,  Remediated  to  a  Carcinogenic 
Risk  of  1  X  10-4  and  a  Hazard  Index  of  1) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  3  wells  over  a  30- 
year  period  to  remediate  the  ground  water  to  77  |ig/L  for  RDX  and  18  |j.g/L  for  TNT 
(risk-based  cleanup  level  at  1x10-4  and  a  hazard  index  of  1,  respectively).  The  ground 
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water  will  be  treated  by  hydroxide  precipitation  to  remove  the  background  metals  from 
the  contaminated  ground  water  and  then  treated  by  UV/oxidation  to  destroy  the 
explosives  (see  Figure  4.2.3- 1).  The  results  of  a  recent  treatability  study  conducted  at 
the  Milan  Army  Ammunition  Plant  (ICF  Kaiser  Engineers,  1993),  which  has  a  ground 
water  contaminant  chemistry  similar  to  that  at  Umatilla,  indicate  that  it  is  not 
economically  feasible  to  utilize  UV/oxidation  for  complete  contaminant  destruction. 
Therefore,  granular  activated  carbon  (GAC)  with  off-site  incineration  of  the  spent 
carbon  will  be  included  as  a  polishing  step  to  the  primary  UV/oxidation  treatment. 

After  the  ground  water  has  been  treated  to  meet  all  risk-based  cleanup  levels,  it  will 
initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be  allowed  to 
reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated  ground  water 
into  the  lagoons  will  flush  the  remaining  soil  contamination  into  the  ground  water  table, 
where  it  will  be  collected  downgradient  in  the  extraction  wells.  After  approximately  15 
months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  400  to  800  feet  upgradient  of  the  lagoons. 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.7.1  Institutional  Controls,  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.7. 2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring,  for  the 
Institution  Control  Alternative. 

4.2.7.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.7.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3A 
(see  Section  4.2.3.4,  Ground  Water  Extraction),  except  that  the  total  pumping  rate 
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would  be  78  gallons  per  minute  (gpm).  Figure  4.2.7- 1  presents  the  extraction  well 
locations  and  the  predicted  ground  water  capture  zone  when  the  extraction  wells  are 
operating.  Intermediate  (15  years)  and  final  (30  years)  contour  maps  are  presented  in 
Figures  4.2.7-2  and  4.2.7-5.  These  figures,  along  with  the  capture  zone,  demonstrate 
that  this  alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.7.5  Equalization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization),  except  that  extracted  ground  water  would  be  pumped  to  a  3,500- 
gallon  equalization  tank  that  would  provide  an  approximately  50-minute  retention  time. 

4.2.7.6  Ultraviolet/Oxidation. 

4.2.7.6. 1  Metal  Precipitation.  The  metal  precipitation  method  for  this  ground  water 
alternative  would  be  identical  to  the  metal  precipitation  method  described  for 
Alternative  3A  (see  Section  4.2.3.6.1,  Metal  Precipitation),  except  that  operating 
parameters,  and  where  appropriate  the  volume  of  material  required  on  a  daily  basis,  for 
the  operation  of  such  a  metal  precipitation  system  at  the  flow  rate  for  this  alternative 
would  be; 


Parameter 


Operating  Condition 


KMn04  Dose 
Operating  pH 
NaOH  Dose 
Anionic  Polymer  Dose 
H2SO4  Dose 
Sludge  Production 


40  mg/L  (15  kg/day) 

11.0  units 

400  mg/L  (148  kg/day  50%  NaOH) 

3  mg/L  (1.2  kg/day) 

490  mg/L  (182  kg/day  50%  H2SO4) 
0.29  tons/day  (@  30%  solids) 


4.2.7. 6. 2  UV/Oxidation.  The  Ultraviolet/oxidation  method  for  this  alternative  would 
be  identical  to  the  method  described  in  Section  4.2.3. 6.2,  UV/Oxidation,  and  will  not  be 
repeated  here. 


4.2.7. 6. 3  GAC  Polishing.  The  carbon  polishing  system  for  this  option  would  be 

identical  to  that  described  in  Section  4.2.3.6.3,  GAC  Polishing,  except  that  the  carbon 
use  rate  was  calculated  to  be  7.2  pounds  carbon/day.  Therefore,  each  carbon  bed  would 
last  approximately  281  days  before  being  removed  for  incineration  or  another  type  of 
thermal  treatment. 


4.2.7.7  Reinflltration.  For  approximately  the  first  15  months,  treated  ground  water 
will  be  infiltrated  into  the  washout  lagoons  to  flush  the  soils.  The  reinfiltration  method 
for  this  alternative  would  consist  of  a  slightly  smaller  reinflltration  galley, 
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Approximate  Contaminant  Capture  Zone  for  the  30-Year 
Extraction  System  10-4  Risk  Level 
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Figure  4.2.7-2:  Simulated  RDX  Concentrations  After  15  Years 


simulated  TNT  Concentrations  After  15  Years 
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Figure  4.2.7-4:  Simulated  RDX  Concentrations  After  30  Years 
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Figure  4.2.7-5:  Simulated  TNT  Concentrations  After  30  Years 
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approximately  1,090  square  feet,  but  would  otherwise  be  identical  to  the  method 
described  for  Alternative  3A  (see  Section  4.2.3.7,  Reinfiltration).  A  description  of  this 
process  will  not  be  repeated  here. 

4.2.7.8  Capital  Cost.  The  capital  cost  for  the  UV/oxidation  system  is  approximately 
$1.7  million,  as  presented  in  Table  4.2.7-1.  The  capital  cost  of  this  alternative  is 
strongly  dependent  on  the  cost  of  the  UV/oxidation  system,  which  is  approximately 
50%  of  the  overall  capital  cost.  The  cost  of  the  UV/oxidation  system  would  be 
increased  if  the  volume  of  water  to  be  treated  increased  or  the  retention  time  to  reach 
the  preliminary  remedial  goals  increased.  If  the  water  volume  to  the  UV  system  was 
increased  or  the  retention  time  was  increased  by  50%  the  capital  cost  would  be 
increased  from  $1.7  million  to  $2.2  million.  The  capital  cost  would  also  be  increased  if 
the  number  of  extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone 
was  maintained;  if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be 
increased  by  approximately  $175,000. 

4.2.7.9  Operating  Cost.  The  annual  operating  cost  for  the  UV/oxidation  system  is 
approximately  $0.6  million,  as  presented  in  Table  4.2.7-2.  Using  the  annual  operating 
cost,  the  NPV  was  calculated  for  the  30-year  scenario  using  a  5%  and  a  10%  interest 
rate. 


5%  Interest  Rate 

10%  Interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1-30  years 

$0.6M 

15.8 

$9.5M 

9.9  $5.9M 

The  operating  cost  for  this  alternative  is  strongly  dependent  on  the  electrical  cost  for  the 
operation  of  the  UV/oxidation  system.  The  electrical  cost  would  increase  if  the  size  of 
the  UV/oxidation  system  was  increased.  A  50%  increase  in  the  size  of  the 
UV/oxidation  system  would  increase  the  electrical  costs  from  $216,000  to  $432,000, 
and  the  5%  NPV  would  increase  from  $9.5  million  to  $12.3  million. 

4.2.7.10  NCP  Evaluation  Criteria.  The  degree  to  which  UV/oxidation  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  beneficial  use  within  30  years. 
Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the  ingestion 
of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would  be 
reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2xl(>3  to  3  X  10-4  (see  Section  2.1,  Remedial  Action  Objectives). 
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Table  4.2.7-1 :  Capital  Cost  for  Ultraviolet/Oxidation  -  Alternative  5A 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps- 70  gpm,  15  hp  Pump 

1,375 

3 

4,125 

103 

GW  Buried  Pipeline 

Plpeline/500  ft 

4,250 

6 

25,500 

200 

Equalization 

201 

Equalization/Settling  -  3,500  gal 

Tank 

8,160 

1 

8,160 

202 

Feed  Pump  - 100  gpm,  2  hp 

Pump 

1,500 

2 

3,000 

300 

Metal  Precipitation 

System 

131,200 

1 

131,200 

301  pH  Control  System 

302  Oxidant  Addition  Pump 

303  Treatment  Tank  with  Mixer 

304  Polymer  Feed  System 

305  Clarification  System 

306  Sludge  Thickening  System 

307  Filter  Press 

308  Multi-Media  Filter 


400 

TJV/Oxidation 

System 

658,000 

1 

658,000 

401 

UV  Reactor 

402 

UV  Feed  Pump 

403 

Ozone  Generation  and  Destmction 

500 

Granular  Activated  Carbon 

501 

GAC  Tank -2000  gal 

Tank 

4,250 

2 

8,500 

502 

GAC-20001b 

Bed 

4,500 

2 

9,000 

503 

Discharge  Pump  - 100  gpm,  3  lip 

Pump 

1,600 

2 

3,200 

600 

Reinfiltration  Galley 

601 

Excavation 

C.Y. 

2 

442 

995 

602 

Crushed  Stone 

C.Y. 

19 

147 

2,808 

603 

Backfill 

C.Y. 

2 

44 

74 

604 

Infiltration  Galley 

GaUey 

200 

69 

13,800 

700 

Lagoon  Lining 

701 

HOPE  Liner 

Lagoon 

3,000 

2 

6,000 

702 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

$974,293 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

97,429 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

97,429 

Electrical 

10  %  of  Purchased  Equipment  Cost 

97,429 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

97,429 

Construction  and  Installation 

30  %  of  Purchased  Equipmoit  Cost 

292,288 

Treatment  System  Building 

sqfeet 

27 

1,200 

32,400 

Installation  Subtotal 

$714,405 

Total  Capital  Cost 

$1,688,698 

Source:  Arthur  D.  Little,  Inc. 
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Table  4.2.7-2:  Annual  Operating  Cost  for  Ultravlolet/Oxidation  -  Alternative  5A 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  keview  and  Reporting 

hours 

32 

65 

2,080 

Five  -Year  Review  (a) 

hours 

50 

80 

4,000 

Metals  Precipitation  (b) 

1000  gal  (c) 

40,997 

0.4 

16,399 

Electrical  (d) 

kw/yr 

3,600,000 

0.06 

216,000 

Ozone 

1000  gal  (c) 

40,997 

0.25 

10,249 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

ton 

1.3 

4500 

5,850 

GAC  Incineration  (e) 

Polyethylene  Lined  Drums 

drum 

7.8 

25 

195 

Shipping 

drum 

7.8 

125 

975 

Treatment/Disposal 

drum 

7.8 

420 

3,276 

Disposal  (f) 

ton 

107 

300 

32,100 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (g) 

hours 

2,500 

30 

75,000 

Supervisor  (h) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $434,724 


Variable  Cost  Subtotal  $434,724 

Fbced  Cost 

Maintenance 

Labor  and  Materials  7%  of  Capital  Investment  118,210 

Fixed  Cost  Subtotal  $118,210 

Total  Annual  Operating  Cost  $552,934 

Notes: 


(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Operating  cost  for  metal  precipitation  includes  powCT  and  chemicals 

(c)  -  Untreated  ground  water 

(d)  -  Electrical  includes  power  for  pumps,  UV  lights,  and  misc.  electrical 
for  heating  building,  lighting,  etc 

(e)  -  Assumes  335  pounds  of  GAC/55  gallon  drum 

(f)  -  Includes  disposal  of  any  solids  or  from  equilization  tank  and  disposal  of  metal 
hydroxide  sludge  from  metal  precipitation 

(g)  -  Two  operators  on-site  3.0  daysAveek 

(h)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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The  alternative  would  also  provide  treatment  of  the  contamination  on  site,  except  for 
small  volumes  of  residuals  such  as  the  metal  hydroxide  sludge  for  the  precipitation 
system  and  the  spent  carbon  from  the  polishing  system.  The  alternative  would  not  pose 
a  short-term  risk  to  human  health  or  the  environment  and  would  maximize  the  amount 

of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  not  meet  the  preliminary  remedial  goals  in  30  years  but  would 
achieve  an  incremental  carcinogenic  risk  of  10^  and  a  hazard  index  of  1.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  compound's  detection  limit  prior  to  its  return  to  the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  exposure  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limits  of 
10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to  be 
performed  to  ensure  that  the  DNT  concentration  is  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  3x10-4  in  30  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for  an 
estimated  330  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  metal  hydroxide 
sludges  from  the  metal  precipitation  unit  would  be  disposed  of  in  a  solid  waste  landfill 
depending  on  the  results  of  a  TCLP  analysis,  and  the  spent  GAC  would  be  shipped  off 
site,  where  the  contaminants  would  be  destroyed  by  incineration  or  by  another  type  of 
thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  Any  free  product  removed  from 
the  equalization  tank  would  be  shipped  off  site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  a  carcinogenic  risk  of 
1x10-4  and  a  hazard  index  of  1,  and  the  contaminants  would  be  either  destroyed  in  the 
UV/oxidation  system  or  when  the  carbon  is  incinerated  or  by  another  type  of  thermal 
treatment  (e.g.,  regeneration  or  a  cement  kiln).  Therefore,  no  long-term  controls  would 
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be  necessary.  All  the  technologies  that  would  be  used  in  this  alternative  are  considered 
reliable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  UV/oxidation  system  would  irreversibly  destroy  the  contaminants  directly  by 
oxidizing  the  contaminants.  Any  remaining  contaminants  would  be  removed  by  the 
GAC  system.  The  UV/oxidation  system  would  remove  approximately  90%  of  the 
contamination  from  the  ground  water  stream  (ICF  Kaiser  Engineers,  1993).  The 
remaining  contaminants  would  be  treated  using  the  GAC  system.  The  contamination 
adsorbed  on  the  GAC  will  be  irreversibly  destroyed  by  incineration  of  the  carbon  at  the 
off-site  facility  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement 
kiln).  This  treatment  system  will  reduce  the  volume,  toxicity,  and  mobility  of  the 
contaminants. 

The  metal  precipitation  system  will  generate  metal  hydroxide  sludges  at  a  rate  of 
approximately  107  tons/year.  These  sludges  will  be  disposed  of  off  site  as  a  solid  waste 
depending  on  the  results  of  a  TCLP  analysis.  In  addition  to  the  sludges,  an  estimated  50 
pounds  of  sediment  will  be  collected  each  year  in  the  equalization  tank  that  will  be 
analyzed  and  disposed  of  on  site  if  found  to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  UV/oxidation  system  is  not  expected  to  increase  the  risk  to  the 
community  or  the  environment  because  the  contaminants  will  be  irreversibly  destroyed 
or  adsorbed  on  the  GAC  and  incinerated  off  site.  The  risks  to  the  workers  and  the 
environment  from  using  the  acids,  bases,  and  the  ozone  would  be  minimized  through 
.the  use  of  engineering  controls  and  personal  protective  equipment. 

The  alternative  would  meet  a  carcinogenic  risk  of  10^  and  a  hazard  index  of  within  30 
years.  If  no  active  remediation  alternative  is  implemented  at  the  site,  the  ground  water 
will  not  meet  the  remedial  action  objectives  for  an  estimated  330  years. 

Implementation 

The  construction  and  operation  of  the  UV/oxidation  system  can  be  easily  implemented 
and  is  technically  capable  of  treating  the  contaminants  in  the  ground  water.  The 
capacity  of  the  UV/oxidation  system  can  be  increased  if  additional  ground  water  needs 
to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected. 
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There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 

potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 

vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 

adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  UV/oxidation  system.  Vendors  are  also  currently  available  for 
the  supply  and  incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.7. 8  and  Section  4.2.7.9, 
respectively. 

4.2.8  Alternative  5B  -  UV/  Oxidation  (10  Years,  Remediated  to  a  Carcinogenic 
Risk  of  1x10-4  and  a  Hazard  Index  of  1) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
10-year  period  to  remediate  the  ground  water  to  77  p.g/L  for  RDX  and  18  |ig/L  for  TNT 
(risk-based  cleanup  level  at  1x10^  and  a  hazard  index  of  1,  respectively).  The  ground 
water  will  be  treated  by  hydroxide  precipitation  to  remove  the  background  metals  from 
the  contaminated  ground  water  and  then  treated  by  UV/oxidation  to  destroy  the 
explosives  (see  Figure  4.2.3-1).  The  results  of  a  recent  treatability  study  conducted  at 
the  Milan  Army  Ammunition  Plant  (ICF  Kaiser  Engineers,  1993),  which  has  a  ground 
water  contaminant  chemistry  similar  to  that  at  Umatilla,  indicate  that  it  is  not 
economically  feasible  to  utilize  UV/oxidation  for  complete  contaminant  destruction. 
Therefore,  granular  activated  carbon  (GAC)  with  off-site  incineration  of  the  spent 
carbon  will  be  included  as  a  pohshing  step  to  the  primary  UV/oxidation  treatment. 

After  the  ground  water  has  been  treated  to  meet  all  risk-based  cleanup  levels,  it  will 
initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be  allowed  to 
reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated  ground  water 
into  the  lagoons  will  flush  the  remaining  soil  contamination  into  the  ground  water  table, 
where  it  will  be  collected  downgradient  in  the  extraction  wells.  After  approximately  6 
months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  4(X)  to  800  feet  upgradient  of  the  lagoons. 
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In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.8. 1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.8.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring  for  the 
Institutional  Control  Alternative. 

4.2.8.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.8.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3A 
(see  Section  4.2. 3. 4,  Ground  Water  Extraction),  except  that  the  total  pumping  rate 
would  be  200  gallon  per  minute  (gpm).  Figure  4.2.8-1  presents  the  extraction  well 
locations  and  the  predicted  ground  water  capture  zone  when  the  extraction  wells  are 
operating.  Intermediate  (15  years)  and  final  (10  years)  contour  maps  are  presented  in 
Figures  4.2.8-2  to  4.2.8-5.  These  figures,  along  with  the  capture  zone,  demonstrate  that 
this  alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.8.5  Equalization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization),  except  that  extracted  ground  water  would  be  pumped  to  a 
10,000-gallon  equalization  tank  that  would  provide  an  approximately  50-minute 
retention  time. 

4.2.8.6  Uitravioiet/  Oxidation 

4.2. 8.6. 1  Metal  Precipitation.  The  metal  precipitation  method  for  this  ground  water 
alternative  would  be  identical  to  the  metal  precipitation  method  described  for 
Alternative  3 A  (see  Section  4.2.3.6.1,  Metal  Precipitation),  except  that  operating 
parameters,  and  where  appropriate  the  volume  of  material  required  on  a  daily  basis,  for 
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the  operation  of  such  a  metal  precipitation  system  at  the  flow  rate  for  this  alternative 
would  be: 


Parameter 


Operating  Condition 


KMn04  Dose 
Operating  pH 
NaOH  Dose 
Anionic  Polymer  Dose 
H2SO4  Dose 
Sludge  Production 


40  mg/L  (43  kg/day) 

11.0  units 

400  mg/L  (436  kg/day  50%  NaOH) 
3  mg/L  (3.3  kg/day) 

490  mg/L  (530  kg/day  50%  H2SO4) 
0.75  tons/day  (@  30%  solids) 


4.2.8. 6.2  UV/Oxidation.  The  ultraviolet/oxidation  method  for  this  alternative  would 
be  identical  to  the  method  described  in  Section  4.2.3.6.2,  UV/Oxidation,  and  will  not  be 
repeated  here. 


4.2.8.6.3  GAC  Polishing.  The  carbon  polishing  system  for  this  option  would  be 
identical  to  that  described  in  Section  4.2.3. 6.3,  GAC  Polishing,  except  that  the  carbon 
use  rate  was  calculated  to  be  19  pounds  carbon/day.  Therefore,  each  carbon  bed  would 
last  approximately  107  days  before  being  removed  for  incineration  or  another  type  of 
thermal  treatment. 

4.2.8. 7  Reinfiltration.  The  reinfiltration  method  for  this  alternative  would  consist  of 
a  slightly  larger  reinfiltration  galley,  approximately  3,208  square  feet,  but  would 
otherwise  be  identical  to  the  method  described  for  Alternative  3A  (see  Section  4.2.3.7, 
Reinfiltration).  A  description  of  this  process  will  not  be  repeated  here. 

4.2.8.8  Capital  Cost.  The  capital  cost  for  the  UV/oxidation  system  is  approximately 
$2.9  million,  as  presented  in  Table  4.2. 8-1.  The  capital  cost  of  this  alternative  is 
strongly  dependent  on  the  cost  of  the  UV/oxidation  system,  which  is  approximately 
50%  of  the  overall  capital  cost.  The  cost  of  the  UV/oxidation  system  would  be 
increased  if  the  volume  of  water  to  be  treated  increased  or  the  retention  time  to  reach 
the  preliminary  remedial  goals  increased.  If  the  water  volume  to  the  UV  system  was 
increased  or  the  retention  time  was  increased  by  50%  the  capital  cost  would  be 
increased  from  $2.9  million  to  $3.7  million.  The  capital  cost  would  also  be  increased  if 
the  number  of  extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone 
was  maintained;  if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be 
increased  by  approximately  $175,0(X). 

4.2.8.9  Operating  Cost.  The  annual  operating  cost  for  the  UV/oxidation  system  is 
approximately  $1.1  million,  as  presented  in  Table  4.2. 8-2.  Using  the  annual  operating 
cost,  the  NPV  was  calculated  for  the  10-year  scenario  using  a  5%  and  a  10%  interest 
rate.r 
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Figure  4.2.8-2:  Simulated  RDX  Concentrations  After  5  Years 


Figure  4.2.8-3:  Simulated  TNT  Concentrations  After  5  Years 
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Figure  4.2.8-5:  Simulated  TNT  Concentrations  After  10  Years 


Table  4.2.8-1 :  Capital  Cost  for  Ultraviolet/Oxidation  -  Alternative  5B 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993  $) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  1 55  feet 

WeU 

30,000 

3 

90,000 

102 

GW  Well  Pumps  -  200  gpm,  5  hp 

Pump 

2,200 

3 

6,600 

103 

GW  Buried  Pipeline 

Pipeline/500  ft 

4,250 

6 

25,500 

200 

Equalization 

201 

Equalization/Settling  - 10,000  gal 

Tank 

25,400 

1 

25,400 

202 

Feed  Pump  -  250  gpm,  5  hp 

Pump 

2,300 

2 

4,600 

300 

Metal  Precipitation 

System 

230,000 

1 

230,000 

301 

pH  Control  System 

302 

Oxidant  Addition  Pump 

303 

Treatment  Tank  with  Mixer 

304 

Polymer  Feed  System 

305 

Qaiification  System 

306 

Sludge  Thickening  System 

307 

FQter  Press 

308 

Muld-Media  Filter 

400 

UV/Oxidation 

System 

1,200,000 

1 

1,200,000 

401 

UV  Reactor 

402 

UV  Feed  Pump 

403 

Ozone  Generation  and  Destmction 

500 

Granular  Activated  Carbon 

501 

GAC  Tank -2000  gal 

Tank 

4,250 

2 

8,500 

503 

GAC  -  2000  lb 

Bed 

4,500 

2 

9,000 

504 

Discharge  Pump  -  250  gpm,  7  hp 

Pump 

2,500 

2 

5,000 

600 

Reinfiltration  Galley 

601 

Excavaticm 

C.Y. 

2 

1,326 

2,984 

602 

Crushed  Stone 

C.Y. 

19 

441 

8,423 

603 

Backfill 

C.Y. 

2 

132 

222 

604 

Infiltration  Galley 

Galley 

200 

203 

40,600 

700 

Lagoon  Lining 

701 

HDPE  Lining 

Lagoon 

3,000 

2 

6,000 

702 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

$1,672,760 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

167,276 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

167,276 

Electrical 

10  %  of  Purchased  Equipment  Cost 

167,276 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

167,276 

Construction  and  Installation 

30  %  of  Purchased  Equipmoit  Cost 

501,828 

Treatment  System  Building 

sqfeet 

27 

1,200 

32,400 

Installation  Subtotal  $1,203,332 


Total  Capital  Cost  $2,876,093 

Source:  Arthur  D.  Little,  Inc. 
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Table  4.2.8-2:  Annual  Operating  Cost  for  Ultravlolet/Oxidation  -  Alternative  5B 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hours 

32 

65 

2,080 

Five  -Year  Review  (a) 

hours 

50 

80 

4,000 

Metals  Precipitation  (b) 

1000  gal  (c) 

105,120 

0.4 

42,048 

Electrical  (d) 

kw/yr 

9,100,000 

0.06 

546,000 

Ozone 

1000  gal  (c) 

105,120 

0.25 

26,280 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lb 

ton 

3.4 

4500 

15,300 

GAC  Incineration  (e) 

Polyethylene  Lined  Drums 

drum 

20.3 

25 

508 

Shipping 

drum 

20.3 

125 

2,538 

Treatment/Disposal 

drum 

20.3 

420 

8,526 

Disposal  (f) 

ton 

273 

300 

81,900 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (g) 

hours 

2,500 

30 

75,000 

Supervisor  (h) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $872,779 

Fixed  Cost 


Maintenance 

Labor  and  Materials  7%  of  Capital  Investment  201,330 

Fbced  Cost  Subtotal  $201,330 

Total  Annual  Operating  Cost  $1,074,109 

Notes: 

(a)  —  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Operating  cost  for  metal  precipitation  includes  power  and  chemicals 

(c)  -  Untreated  ground  water 

(d)  -  Electrical  includes  power  for  pumps,  UV  lights,  and  misc.  electrical 
for  heating  building,  lighting,  etc 

(e)  -  Assumes  335  pounds  of  dewatered  GAC/55  gallon  drum 

(f)  -  Includes  disposal  of  any  solids  or  from  equilization  tank  and  disposal  of  metal 
hydroxide  sludge  from  metal  precipitation 

(g)  -  Two  operators  on-site  3.0  daysAveek 

(h)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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5%  Interest  Rate 

10%  Interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1-10  years 

$1.1M 

7.9 

$8.7M 

6.0  $6.6M 

The  operating  cost  for  this  alternative  is  strongly  dependent  on  the  electrical  cost  for  the 
operation  of  the  UV/oxidation  system.  The  electrical  cost  would  increase  if  the  size  of 
the  UV/oxidation  system  was  increased.  A  50%  increase  in  the  size  of  the 
UV/oxidation  system  would  increase  the  electrical  costs  from  $550,000  to  $910,000, 
and  the  5%  NPV  would  increase  from  $8.7  million  to  $1 1.6  million. 

4.2.8.10  NCP  Evaluation  Criteria.  The  degree  to  which  UV/oxidation  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  10 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  3  X  10-4  (see  Section  2.1,  Remedial  Action  Objectives). 

The  alternative  would  also  provide  treatment  for  the  contamination  on  site,  except  for 
small  volumes  of  residuals  such  as  the  metal  hydroxide  sludge  for  the  precipitation 
system  and  the  spent  carbon  from  the  polishing  system.  The  alternative  would  not  pose 
a  short-term  risk  to  human  health  or  the  environment  and  would  maximize  the  amount 
of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  not  meet  the  preliminary  remedial  goals  in  ten  years  but  would 
achieve  an  incremental  carcinogenic  risk  of  10-4  and  a  hazard  index  of  1.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  analytical  detection  limit  prior  to  its  return  to  the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 
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•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 

carbon  will  be  equal  to  or  less  than  7%  which  is  well  below  the  explosive  limit  of 

10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to 

be  performed  to  ensure  that  the  DNT  concentration  is  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  3  x  10-4  in  10  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for  an 
estimated  330  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  metal  hydroxide 
sludges  from  the  metal  precipitation  unit  would  be  disposed  of  in  a  solid  waste  landfill 
depending  on  the  results  of  a  TCLP  analysis,  and  the  contaminants  adsorbed  on  the 
spent  GAC  would  be  destroyed  by  off-site  incineration  or  by  another  type  of  thermal 
treatment  (e.g.,  regeneration  or  a  cement  kiln).  Any  solids  removed  from  the 
equalization  tank  would  be  shipped  off  site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  a  carcinogenic  risk  of 
1x10-4  and  a  hazard  index  of  1,  and  the  contaminants  would  be  either  destroyed  in  the 
UV/oxidation  system  or  when  the  carbon  is  incinerated  at  the  off-site  facility  or  by 
another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  Therefore,  no 
long-term  controls  would  be  necessary.  All  the  technologies  that  would  be  used  in  this 
alternative  are  considered  rehable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  UV/oxidation  system  would  irreversibly  destroy  the  contaminants  directly  by 
oxidizing  the  contaminants.  Any  remaining  contaminants  would  be  removed  by  the 
GAC  system.  The  UV/oxidation  system  would  remove  approximately  90%  of  the 
contamination  from  the  ground  water  stream  (ICF  Kaiser  Engineers,  1993).  The 
remaining  contaminants  would  be  treated  using  the  GAC  system.  The  contamination 
adsorbed  on  the  GAC  will  be  irreversibly  destroyed  by  off-site  incineration  of  the 
carbon  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln). 

This  treatment  system  will  reduce  the  volume,  toxicity,  and  mobility  of  the 
contaminants. 
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The  metal  precipitation  system  will  generate  metal  hydroxide  sludges  at  a  rate  of 
approximately  273  tons/year.  These  sludges  will  be  disposed  of  off  site  as  a  hazardous 
waste.  In  addition  to  the  sludges,  an  estimated  150  pounds  of  sediment  will  be  collected 
each  year  in  the  equalization  tank  that  will  be  analyzed  and  disposed  of  on  site  if  found 
to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  UV/oxidation  system  is  not  expected  to  increase  the  risk  to  the 
community  because  the  contaminants  will  be  irreversibly  destroyed  or  adsorbed  on  the 
GAC  and  incinerated  off  site.  The  risks  to  the  workers  from  using  the  acids,  bases,  and 
the  ozone  would  be  minimized  through  the  use  of  engineering  controls  and  personal 
protective  equipment. 

The  alternative  would  meet  a  carcinogenic  risk  of  10-4  and  a  hazard  index  of  1  within 
10  years.  If  no  active  remediation  alternative  is  implemented  at  the  site,  the  ground 
water  will  not  meet  the  remedial  action  objectives  for  an  estimated  330  years. 

Implementation 

The  construction  and  operation  of  the  UV/oxidation  system  can  be  easily  implemented 
and  is  technically  capable  of  treating  the  contaminants  in  the  ground  water.  The 
capacity  of  the  UV/oxidation  system  can  be  increased  if  additional  ground  water  needs 
to  be  treated  or  the  concentration  of  contamination  is  greater  than  expected. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  UV/oxidation  system.  Vendors  are  also  currently  available  for 
the  supply  and  incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.8.8  and  Section  4.2.8.9, 
respectively. 
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4.2.9  Alternative  6A  -  Carbon  Adsorption  (30  Years,  Remediated  to  a 
Carcinogenic  Risk  of  1x10-4  and  a  Hazard  Index  of  1) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 

30-year  period  to  remediate  the  ground  water  to  77  [ig/L  for  RDX  and  18  [ig/L  for  TNT 

(risk-based  cleanup  level  at  1x10-4  and  a  hazard  index  of  1,  respectively).  The  extracted 
water  will  be  treated  with  activated  carbon  to  remove  the  explosives  from  the  water 
stream  (see  Section  4.2.5.6,  GAC  Primary  Treatment). 

After  the  ground  water  has  been  treated  to  meet  all  risk-based  cleanup  levels,  it  will 
initially  be  pumped  to  the  explosive  washout  lagoons,  where  it  will  be  allowed  to 
reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated  ground  water 
into  the  lagoons  will  flush  the  remaining  soil  contamination  into  the  ground  water  table, 
where  it  will  be  collected  downgradient  in  the  extraction  wells.  After  approximately  15 
months  the  reinfiltration  of  the  treated  ground  water  will  be  moved  to  infiltration 
galleys  400  to  800  feet  upgradient  of  the  lagoons. 

The  GAC  option  would  be  designed  to  handle  the  same  ground  water  flow  rates  and 
contaminant  concentrations  as  the  UV/oxidation  system  described  in  Section  4.2.3, 
Alternative  3A,  and  depicted  in  Figure  4.2.3- 1.  The  spent  carbon  from  the  GAC 
treatment  beds  would  be  incinerated  off  site  at  any  of  the  commercial  hazardous  waste 
incinerators  described  in  Section  4.2.5.6  or  treated  using  another  type  of  thermal 
treatment;  each  of  the  incinerators  listed  in  this  section  is  capable  of  treating  the  spent 
carbon  from  this  treatment  system.  Regeneration  of  the  spent  carbon  contaminated  with 
explosives  is  not  feasible  due  to  the  destruction  of  carbon  particles  during  regeneration; 
however,  if  regeneration  becomes  technically  feasible,  then  regeneration  of  the  carbon 
will  be  considered  during  the  remedial  action.  In  addition,  this  alternative  will  require 
ground  water  monitoring,  five-year  reviews,  and  institutional  controls,  which  will 
continue  until  the  contamination  has  been  remediated  to  the  detection  limits  stated 
above. 

4.2.9.1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.9.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring,  for  the 
Institution  Control  Alternative. 

4.2.9.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and  the 
institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended  to 
evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
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environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 
remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 
allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.9.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3  (see 
Section  4.2.3.4,  Ground  Water  Extraction),  except  that  the  total  pumping  rate  would  be 
77  gallons  per  minute  (gpm).  Figure  4.2.7- 1  presents  the  extraction  well  locations  and 
the  predicted  ground  water  capture  zone  when  the  extraction  wells  are  operating. 
Intermediate  (15  years)  and  final  (30  years)  contour  maps  are  presented  in  Figures 
4.2.7-2  and  4.2.7-5.  These  figures,  along  with  the  capture  zone,  demonstrate  that  this 
alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.9.5  Equalization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization),  except  that  extracted  ground  water  would  be  pumped  to  a  3,500- 
gallon  equalization  tank  that  would  provide  an  approximately  50  minute  retention  time. 

4.2.9.6  GAC  Primary  Treatment.  The  GAC  treatment  method  for  this  ground  water 
alternative  would  be  identical  to  the  GAC  treatment  method  described  for  Alternative 
4A  (see  Section  4.2.5.6,  GAC  Primary  Treatment),  except  that  the  volume  of  GAC 
required  on  a  daily  basis  for  the  flow  rate  for  this  alternative  would  be  approximately 
72  pounds  GAC  per  day  (see  Appendix  C).  Therefore,  each  bed  would  last 
approximately  28  days  before  being  removed  for  incineration. 

The  off-site  incineration  method  for  this  alternative  would  be  identical  to  the  method 
described  for  Alternative  4A  (see  Section  4.2.5. 6,  GAC  Primary  Treatment)  and  will 
not  be  repeated  here. 

.4.2.9.7  Reinflltration.  The  reinfiltration  method  for  this  alternative  would  consist  of 
a  reinfiltration  galley  identical  to  that  described  for  Alternative  5A  (see  Section  4.2.7. 8, 
Reinfiltration).  A  description  of  the  reinfiltration  process  will  not  be  repeated  here. 

4.2.9.8  Capital  Cost.  The  capital  cost  for  the  GAC  primary  treatment  system  is 
approximately  $0.35  million,  as  presented  in  Table  4.2.9- 1.  The  capital  cost  for  the 
GAC  system  is  spread  out  fairly  evenly  between  all  the  unit  operations.  A  moderate 
increase  in  the  flow  rate  or  the  concentration  of  contaminants  in  the  inlet  would  not 
require  a  larger  GAC  system.  The  capital  cost  would  also  be  increased  if  the  number  of 
extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone  was  maintained; 
if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be  increased  by 
approximately  $175,000. 
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Table  4.2.9-1 :  Capital  Cost  for  Granular  Activated  Carlson  -  Alternative  6A 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Total  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  Wells  -  8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps  -  70  gpm,  2.5  hp  Pump 

1,375 

3 

4,125 

103 

GW  Buried  Pipeline 

Pipeline/500  ft 

4,250 

6 

25400 

200 

Equalization 

201 

Equalization/Settling  -  3,500  gal 

Tank 

8,160 

1 

8,160 

302 

Feed  Pump  - 100  gpm,  2  hp 

Pump 

1,500 

2 

3,000 

300 

Granular  Activated  Carbon 

301 

GAC  Tank  -  2000  gal 

Tank 

4,250 

2 

8,500 

302 

GAC  -  2000  lb 

Bed 

4,500 

2 

9,000 

303 

Discharge  Pump  - 100  gpm,  3  hp 

Pump 

1,600 

2 

3,200 

400 

Reinfiltration  Galley 

401 

Excavation 

C.Y. 

2 

442 

995 

402 

Crushed  Stone 

C.Y. 

19 

147 

2,808 

403 

Backfill 

C.Y. 

2 

44 

74 

404 

Infiltration  Galley 

Galley 

200 

69 

13,800 

500 

Lagoon  Lining 

501 

HDPE  Liner 

Lagoon 

3,000 

2 

6,000 

502 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

- 

$185,093 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

18409 

Plumbing 

10  %  of  Purchased  Equipment  Cost 

18409 

Electrical 

10  %  of  Purchased  Equipment  Cost 

18409 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

18409 

Construction  and  Installation 

30  %  of  Purchased  Equipment  Cost 

55428 

Treatment  System  Building 

sq  feet 

27 

1,200 

32,400 

Installation  Subtotal 


Total  Capital  Cost 


$347,058 


Source:  Arthur  D.  Little,  Inc. 
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4.2.9.9  Operating  Cost.  The  annual  operating  cost  for  the  GAC  primary  treatment 
system  is  approximately  $0.29  million,  as  presented  in  Table  4.2.9-2.  Using  the  annual 
operating  cost,  the  net  present  value  was  calculated  for  the  30-year  scenario  using  a  5% 
and  a  10%  interest  rate. 


5%  Interest  Rate 

10%  Interest  Rate 

Time 

Annual 

Discount 

NPV 

Discount  NPV 

Frame 

Cost 

Factor 

Factor 

1  -30  years 

$0.29M 

15.8 

$4.6M 

9.9  $2.9M 

The  carbon  purchase  and  carbon  disposal  represent  the  largest  operating  costs  for  this 
alternative.  If  the  flow  rate  or  the  contaminant  concentration  in  the  inlet  to  the  GAC 
system  was  increased  by  50%  carbon  usage  would  also  increase  by  50%.  This  increase 
in  carbon  usage  would  increase  the  operating  costs  from  $290,000  to  $330,000,  and  the 
5%  NPV  would  increase  from  $4.6  million  to  $5.2  million. 

4.2.9.10  NCP  Evaluation  Criteria.  The  degree  to  which  GAC  adsorption  of  the 
contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  30 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from  2  x 
10-3  to  3  X  10-4  (see  Section  2.1,  Remedial  Action  Objectives). 

Unlike  the  UV/oxidation  alternatives  this  alternative  would  not  provide  treatment  for 
the  contamination  on  site.  The  spent  GAC  would  be  sent  off  site  for  thermal 
destruction.  The  alternative  would  not  pose  a  short-term  risk  to  human  health  or  the 
environment  and  would  maximize  the  amount  of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  not  meet  the  preliminary  remediation  goals  in  30  years  but  would 
achieve  an  incremental  carcinogenic  risk  of  10-4  and  a  hazard  index  of  1.  The 
alternative  would  meet  all  action- specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 
compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  analytical  detection  limit  prior  to  its  return  to  the  aquifer. 
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Table  4.2.9-2:  Annual  Operating  Cost  for  Granular  Activated  Carbon  -  Alternative  6A 


Item 

Units 

Units/ 

Year 

Unit  Cost 
(1993  Dollars) 

Annual  Cost 
(1993  Dollars) 

Variable  Cost 

Monitoring 

Sample  Collection 

hours 

640 

30 

19,200 

Supervision 

hours 

32 

50 

1,600 

Sample  Analysis 

samples 

152 

150 

22,800 

Data  Review  and  Reporting 

hoins 

32 

65 

2,080 

Five-Year  Review  (a) 

hours 

50 

80 

4,000 

Electrical  (b) 

kw/yr 

321,825 

0.06 

19,310 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

Ton 

13.2 

4500 

59,400 

GAC  Incineration  (c) 

Polyethylene  Lined  Drums 

Drum 

79 

25 

1,975 

Shipping 

Drum 

79 

60 

4,740 

Treatment/Disposal 

Ehum 

79 

420 

33,180 

Operational  Monitoring 

samples 

100 

150 

15,000 

Labor 

Operator  (d) 

hours 

2,500 

30 

75,000 

Supervisor  (e) 

hours 

200 

50 

10,000 

Variable  Cost  Subtotal  $268,285 

Fixed  Cost 


Variable  Cost  Subtotal  $268,285 

Fixed  Cost 

Maintenance 

Labor  and  Materials  7%  of  Capital  Investment  24,290 

Fixed  Cost  Subtotal  $24,290 

Total  Annual  Operating  Cost  $292,575 

Notes: 


(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Electrical  includes  power  for  pumps,  and  misc.  electrical 
for  heating  building,  lighting,  etc. 

(c)  -  Assumes  335  pounds  of  dewatered  GAC/55  gallon  drum 

(d)  -  Two  operators  on-site  3.0  days/week 

(e)  -  One  supervisor  4  hours/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of 
10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to 
be  performed  to  ensure  that  the  DNT  concentration  was  below  the  RCRA  limit. 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  3  x  10-4  in  30  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for  an 
estimated  330  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  contaminants 
adsorbed  to  the  spent  GAC  would  be  destroyed  by  incineration  or  by  another  type  of 
thermal  treatment  (e.g,  regeneration  or  a  cement  kiln).  Any  free  product  removed  from 
the  equalization  tank  would  be  shipped  off  site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  stated  cleanup  levels 
for  the  alternative,  and  the  contaminants  would  be  destroyed  when  the  carbon  is 
incinerated  or  by  another  type  of  thermal  treatment  (e.g,  regeneration  or  a  cement  kiln). 
Therefore,  no  long-term  controls  would  be  necessary.  All  the  technologies  that  would 
be  used  in  this  alternative  are  considered  reliable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  contamination  adsorbed  on  the  GAC  will  be  irreversibly  destroyed  by  incineration 
of  the  carbon  or  by  another  type  of  thermal  treatment  (e.g,  regeneration  or  a  cement 
kiln).  This  treatment  system  will  reduce  the  volume,  toxicity,  and  mobility  of  the 
contaminants. 

The  primary  GAC  treatment  system  will  generate  approximately  13.2  tons/year  of  spent 
carbon  for  off-site  incineration.  In  addition  to  the  spent  GAC,  an  estimated  50  pounds 
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of  sediment  will  be  collected  each  year  in  the  equalization  tank.  This  sediment  will  be 
analyzed  and  disposed  of  off  site  if  found  to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  GAC  treatment  system  is  not  expected  to  increase  the  risk  to  the 
community  or  the  environment  because  the  contaminants  will  be  adsorbed  on  the  GAC 
and  irreversibly  destroyed  by  incineration.  The  risks  to  the  workers  and  the 
environment  from  using  the  GAC  would  be  minimized  through  the  operational  limit  of 
0.07  pounds  contaminant  per  pound  of  GAC,  which  should  allay  concerns  regarding 
potential  explosivity  of  the  contaminated  GAC. 

The  alternative  would  meet  a  carcinogenic  risk  of  10^  and  a  hazard  index  of  1  within 
30  years.  If  no  active  remediation  alternative  is  implemented  at  the  site,  the  ground 
water  will  not  meet  the  remedial  action  objectives  for  an  estimated  330  years. 

Implementation 

The  construction  and  operation  of  the  GAC  system  can  be  easily  implemented  and  is 
technically  capable  of  treating  the  contaminants  in  the  ground  water.  The  capacity  of 
the  system  can  be  increased  if  additional  ground  water  needs  to  be  treated  or  the 
concentration  of  contamination  is  greater  than  expected. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  GAC  system.  Vendors  are  also  currently  available  for  the  supply 
and  incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 

Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.9.8  and  Section  4.2.9.9, 
respectively. 
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4.2.10  Alternative  6B  -  Carbon  Adsorption  (10  Years,  Remediated  to  a 
Carcinogenic  Risk  of  1x10-4  and  a  Hazard  Index  of  1) 

In  this  alternative,  the  ground  water  will  be  extracted  from  a  series  of  three  wells  over  a 
10-year  period  to  remediate  the  ground  water  to  77  fig/L  for  RDX  and  18  pg/L  for  TNT 
(risk-based  cleanup  level  at  1  x  10^  and  a  hazard  index  of  1,  respectively).  The 
extracted  water  will  be  treated  with  activated  carbon  to  remove  the  explosives  from  the 
water  stream  (see  Section  4.2.5. 6,  GAC  Primary  Treatment). 

After  the  ground  water  has  been  treated  to  meet  risk-based  cleanup  levels,  the  treated 
ground  water  will  initially  be  pumped  to  the  explosive  washout  lagoons  where  it  will  be 
allowed  to  reinfiltrate  into  the  soils  under  the  lagoons.  Reinfiltration  of  the  treated 
ground  water  into  the  lagoons  will  flush  the  remaining  soil  contamination  into  the 
ground  water  table  where  it  will  be  collected  downgradient  in  the  extraction  wells. 

After  approximately  6  months  the  reinfiltration  of  the  treated  ground  water  will  be 
moved  to  infiltration  galleys  400  to  800  feet  up  gradient  of  the  lagoons. 

The  GAC  option  would  be  designed  to  handle  the  same  ground  water  flow  rates  and 
contaminant  concentrations  as  the  UV/oxidation  system  described  in  Section  4.2.4, 
Alternative  5B,  and  depicted  in  Figure  4.2.4- 1.  The  spent  carbon  from  the  GAC 
treatment  beds  would  be  incinerated  off  site  at  any  of  the  commercial  hazardous  waste 
incinerators  described  in  Section  4.2.5.6  or  treated  using  another  type  of  thermal 
treatment;  each  of  the  incinerators  listed  in  this  section  is  capable  of  treating  the  spent 
carbon  from  this  treatment  system.  Regeneration  of  the  spent  carbon  contaminated  with 
explosives  is  not  feasible  due  to  the  destruction  of  carbon  particles  during  regeneration; 
however,  if  regeneration  becomes  technically  feasible,  then  regeneration  of  the  carbon 
will  be  considered  during  the  remedial  action. 

In  addition,  this  alternative  will  require  ground  water  monitoring,  five-year  reviews, 
and  institutional  controls,  which  will  continue  until  the  contamination  has  been 
remediated  to  the  detection  limits  stated  above. 

4.2.10.1  Institutional  Controls.  While  the  ground  water  is  being  remediated, 
institutional  controls  will  be  needed  to  restrict  access  to  the  contaminated  aquifer,  the 
contaminated  ground  water  remediation  equipment  and  the  interconnecting  piping.  The 
level  of  institutional  controls  is  similar  to  that  previously  discussed  in  Section  4.2.2, 
Alternative  2,  and  will  not  be  repeated  here. 

4.2.10.2  Monitoring.  The  monitoring  program  would  sample  the  existing  monitoring 
wells  and  is  identical  to  the  program  presented  in  Section  4.2.2.2,  Monitoring,  for  the 
Institutional  Control  Alternative. 

4.2.10.3  Five-Year  Reviews.  In  addition  to  the  monitoring  of  the  ground  water  and 
the  institutional  controls,  this  alternative  would  also  require  five-year  reviews  intended 
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to  evaluate  whether  the  alternative  remains  protective  of  public  health  and  the 
environment.  The  five-year  reviews  would  be  initiated  five  years  after  the  start  of  the 

remedial  action  and  continue  until  no  contaminants  remain  at  the  site  above  levels  that 

allow  for  unrestricted  use  and  unlimited  exposure.  These  reviews  would  be  identical  to 
the  reviews  described  for  the  No  Action  alternative  (see  the  introduction  to  Section  4.2, 
Individual  Analysis  of  Alternatives). 

4.2.10.4  Ground  Water  Extraction.  The  extraction  method  for  this  ground  water 
alternative  would  be  identical  to  the  extraction  method  described  for  Alternative  3A 
(see  Section  4.2.3.4,  Ground  Water  Extraction),  except  that  the  total  pumping  rate 
would  be  200  gallons  per  minute  (gpm).  Figure  4.2.8- 1  presents  the  extraction  well 
locations  and  the  predicted  ground  water  capture  zone  when  the  extraction  wells  are 
operating.  Intermediate  (5  years)  and  final  (30  years)  contour  maps  are  presented  in 
Figures  4.2.8-2  to  4.2.8-5.  These  figures,  along  with  the  capture  zone,  demonstrate  that 
this  alternative  will  remediate  the  site  and  capture  the  reinfiltrated  ground  water. 

4.2.10.5  Equalization.  The  equalization  method  for  this  ground  water  alternative 
would  be  identical  to  the  equalization  method  described  for  Alternative  3A  (see  Section 
4.2.3.5,  Equalization),  except  that  extracted  ground  water  would  be  pumped  to  a 
10,0(X)-gallon  equalization  tank  that  would  provide  an  approximately  50  minute 
retention  time. 

4.2.10.6  GAC  Primary  Treatment.  The  GAC  treatment  method  for  this  ground  water 
alternative  would  be  identical  to  the  GAC  treatment  method  described  for  Alternative 
4A  (see  Section  4.2.5.6,  GAC  Primary  Treatment),  except  that  the  volume  of  GAC 
required  on  a  daily  basis  for  the  flow  rate  for  this  alternative  would  be  approximately 
185  pound  GAC  per  day.  Therefore,  each  carbon  bed  would  last  approximately  1 1 
days  (see  Appendix  C)  before  being  removed  for  incineration. 

The  off-site  incineration  method  for  this  alternative  would  be  identical  to  the  method 
described  in  Section  4.2.3.6,  GAC  Primary  Treatment,  and  will  not  be  repeated  here. 

4.2.10.7  Reinfiitration.  The  reinfiltration  method  for  this  alternative  would  consist  of 
a  reinfiitration  galley  identical  to  that  described  for  Alternative  5B  (see  Section  4.2.8.8, 
Reinfiitration).  A  description  of  the  reinfiitration  process  will  not  be  repeated  here. 

4.2. 10.8  Capital  Cost.  The  capital  cost  for  the  GAC  primary  treatment  system  is 
approximately  $0.45  million,  as  presented  in  Table  4.2.10-1.  The  capital  cost  for  the 
GAC  system  is  spread  out  fairly  evenly  between  all  the  unit  operations.  A  moderate 
increase  in  the  flow  rate  or  the  concentration  of  contaminants  in  the  inlet  would  not 
require  a  larger  GAC  system.  The  capital  cost  would  also  be  increased  if  the  number  of 
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Table  4.2.10-1 :  Capital  Cost  for  Granular  Activated  Carbon  -  Alternative  6B 


Item  No. 

Item 

Units 

Unit  Cost 

#  of  Units 

Totai  Cost 

(1993$) 

(1993$) 

100 

Extraction 

101 

GW  WeUs  -  8  inch,  155  feet 

Well 

30,000 

3 

90,000 

102 

GW  Well  Pumps  -  200  gpm,  5  hp 

Pump 

2,200 

3 

6,600 

103 

GW  Buried  Pipeline 

Pipeline/500  ft 

4,250 

6 

25400 

200 

Equalization 

201 

Equalization/Settling  - 10,000  gal 

Tank 

25,400 

1 

25,400 

202 

Feed  Pump  -  250  gpm,  5  hp 

Pump 

2,300 

2 

4,600 

300 

Granular  Activated  Carbon 

301 

GAC  Tank  -  2000  gal 

Tank 

4,250 

2 

8400 

302 

GAC  -  2000  lb 

Bed 

4,500 

2 

9,000 

303 

Discharge  Pump  -  250  gpm,  7  hp 

Pump 

2,500 

2 

5,000 

400 

Reinflltration  Galley 

401 

Excavation 

C.Y. 

2 

1,326 

2,984 

402 

Crushed  Stone 

C.Y. 

19 

441 

8,423 

403 

Backfill 

C.Y. 

2 

132 

222 

404 

Infllltration  Galley 

Galley 

200 

203 

40,600 

500 

Lagoon  Lining 

501 

HDPE  Liner 

Lagoon 

3,000 

2 

6,000 

502 

Crushed  Stone 

C.Y. 

19 

520 

9,932 

Equipment  Subtotal 

$242,760 

Remedial  Design  /  Planning 

10  %  of  Purchased  Equipment  Cost 

24,276 

Plumbing 

10  %  of  Purchased  Equipnnent  Cost 

24,276 

Electrical 

10  %  of  Purchased  Equipment  Cost 

24,276 

Instrumentation  and  Controls 

10  %  of  Purchased  Equipment  Cost 

24,276 

Construction  and  Installation 

30  %  of  Purchased  Equipment  Cost 

72,828 

Treatment  System  Building 

sq  feet 

27 

1,200 

32,400 

Installation  Subtotal  $202^32 


Total  Capital  Cost  $445,093 


Source:  Arthur  D.  Little,  Inc. 
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extraction  wells  needed  to  be  increased  to  ensure  that  the  capture  zone  was  maintained; 
if  the  number  of  wells  was  doubled  the  total  capital  cost  would  only  be  increased  by 

approximately  $175,000. 

4.2.10.9  Operating  Cost.  The  annual  operating  cost  for  the  G AC  primary  treatment 
system  is  approximately  $0.48  million  as  presented  in  Table  4.2.10-2.  Using  the  annual 
operating  cost,  the  NPV  was  calculated  for  the  7-year  scenario  using  a  5%  and  a  10% 
interest  rate. 


Time 

Frame 

1-10  years 


5%  Interest  Rate 

10%  Interest  Rate 

Annual 

Discount 

NPV 

Discount  NPV 

Cost 

Factor 

Factor 

$0.48M 

7.9 

$3.8M 

6.0  $2.9M 

The  carbon  purchase  and  carbon  disposal  represent  the  largest  operating  costs  for  this 
alternative.  If  the  flow  rate  or  the  contaminant  concentration  in  the  inlet  to  the  GAC 
system  was  increased  by  50%  carbon  usage  would  also  increase  by  50%.  This  increase 
in  carbon  usage  would  increase  the  operating  costs  from  $480,000  to  $600,000,  and  the 
5%  NPV  would  increase  from  $3.8  million  to  $4.8  million. 


4.2.10.10  NCP  Evaluation  Criteria.  The  degree  to  which  GAC  primary  treatment  of 
the  contaminated  ground  water  meets  the  NCP  evaluation  criteria  is  discussed  below. 

Overall  Protection  of  Human  Health  and  the  Environment 

This  alternative  would  return  the  ground  water  to  its  potential  beneficial  use  within  10 
years.  Upon  achieving  the  remedial  action  objectives,  the  total  hazard  index  for  the 
ingestion  of  ground  water  for  all  compounds,  at  reasonable  maximum  exposure,  would 
be  reduced  from  60  to  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground 
water  for  all  compounds  at  reasonable  maximum  exposure  would  be  reduced  from 
2x10-3  to  3x10-4  (see  Section  2.1  Remedial  Action  Objectives). 

Unlike  the  UV/oxidation  alternatives  this  alternative  would  not  provide  treatment  for 
the  contamination  on  site.  The  spent  GAC  would  be  sent  off  site  for  thermal 
destruction.  The  alternative  would  not  pose  a  short-term  risk  to  human  health  or  the 
environment  and  would  maximize  the  amount  of  water  that  was  returned  to  the  aquifer. 

Compliance  with  ARARs 

The  alternative  would  not  meet  the  preliminary  remedial  goals  in  ten  years  but  would 
achieve  an  incremental  carcinogenic  risk  of  10-4  and  a  hazard  index  of  1.  The 
alternative  would  meet  all  action-specific  ARARs,  including: 
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Table  4.2.10-2;  Annual  Operating  Cost  for  Granular  Activated  Carbon  -  Alternative  6B 


Item  Units 


Variable  Cost 

Monitoring 

Sample  Collection 

hours 

Supervision 

hours 

Sample  Analysis 

samples 

Data  Review  and  Reporting 

hours 

Five-Year  Review  (a) 

hours 

Electrical  (b) 

kw/yr 

Granular  Activated  Carbon 

GAC  Bed  -  2000  lbs 

Ton 

GAC  Incineration  (c) 

Polyethylene  Lined  Drums 

Drum 

Shipping 

Drum 

Treatment/Disposal 

Drum 

Operational  Monitoring 

samples 

Labor 

Operator  (d) 

hours 

Supervisor  (e) 

hours 

Variable  Cost  Subtotal 


Fixed  Cost 


Units/ 

Unit  Cost 

Annual  Cost 

Year 

(1993  Dollars) 

(1993  Dollars) 

640 

30 

19,200 

32 

50 

1,600 

152 

150 

22,800 

32 

65 

2,080 

50 

80 

4,000 

474,305 

0.06 

28,458 

33.9 

4500 

152,550 

202 

25 

5,050 

202 

125 

25,250 

202 

420 

84,840 

100 

150 

15,000 

2,500 

30 

75,000 

200 

50 

10,000 

$445,828 


Maintenance 

Labor  and  Materials  7  %  of  Capital  Investment  3 1 , 1 60 

Fixed  Cost  Subtotal  $31,160 


Total  Annual  Operating  Cost 


$476,988 


Notes: 

(a)  -  The  cost  for  the  Five-Year  Review  has  been  divided  evenly  over  five  years 

(b)  -  Electrical  includes  power  for  pumps,  and  misc.  electrical 
for  heating  building,  lighting,  etc. 

(c)  -  Assumes  335  pounds  of  dewatered  GAC/55  gallon  drum 

(d)  -  Two  operators  on-site  3.0  days/week 

(e)  -  One  supervisor  4  hotns/week  to  review  operation  of  process 


Source:  Arthur  D.  Little,  Inc. 
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•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 

concern;  therefore,  the  extracted  ground  water  will  be  treated  to  ensure  that  each 

compound  meets  a  hazard  index  equal  to  or  less  than  1,  an  excess  cancer  risk  of 
greater  than  10-6,  or  the  analytical  detection  limit  prior  to  its  return  to  the  aquifer. 

•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  the  spent 
carbon  will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of 
10%  (Arthur  D.  Little,  1987).  A  TCLP  analysis  of  the  spent  GAC  would  have  to 
be  performed  to  ensure  that  the  DNT  concentration  was  below  the  RCRA  limit 

Long-Term  Effectiveness 

The  residual  risk  that  would  remain  on  site  due  to  contamination  in  the  ground  water 
would  be  reduced  to  a  hazard  index  of  2  and  a  carcinogenic  risk  of  3  x  10-4  in  10  years. 
Without  active  contamination  treatment,  the  risk  reduction  would  not  be  reached  for  an 
estimated  330  years. 

Treatment  residuals  that  are  generated  during  the  remediation  of  the  ground  water 
would  be  disposed  of  in  a  manner  to  eliminate  unacceptable  risks.  The  contaminants 
adsorbed  on  the  spent  GAC  would  be  destroyed  by  incineration  or  by  another  type  of 
thermal  treatment  (e.g.,  regeneration  or  a  cement  kiln).  Any  solids  removed  from  the 
equalization  tank  would  be  shipped  off  site  for  treatment  and  disposal. 

The  alternative  would  be  operated  until  the  ground  water  met  the  cleanup  levels 
associated  with  this  alternative,  and  the  contaminants  would  be  destroyed  when  the 
spent  carbon  is  incinerated  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration 
or  a  cement  kiln).  Therefore,  no  long-term  controls  would  be  necessary.  All  the 
technologies  that  would  be  used  in  this  alternative  are  considered  reliable. 

This  alternative  would  require  five-year  reviews  to  evaluate  whether  the  alternative  is 
protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 

The  GAC  treatment  system  would  irreversibly  destroy  the  contaminants  by  incineration 
of  the  spent  carbon  or  by  another  type  of  thermal  treatment  (e.g.,  regeneration  or  a 
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cement  kiln).  This  treatment  system  will  reduce  the  volume,  toxicity,  and  mobility  of 
the  contaminants. 

The  primary  GAC  treatment  system  will  generate  approximately  34  tons/year  of  spent 
carbon  for  off-site  incineration.  In  addition  to  the  spent  GAC,  an  estimated  150  pounds 
of  sediment  will  be  collected  each  year  in  the  equalization  tank;  the  sediment  will  be 
analyzed  and  disposed  of  off  site  if  found  to  be  free  of  contamination. 

Short-Term  Effectiveness 

The  operation  of  the  primary  GAC  treatment  system  is  not  expected  to  increase  the  risk 
to  the  community  or  the  environment  because  the  contaminants  will  be  adsorbed  on  the 
GAC  and  irreversibly  destroyed  by  incineration  of  the  spent  GAC.  The  risks  to  the 
workers  and  the  environment  from  using  the  GAC  would  be  minimized  through  the  use 
of  operational  limits  on  the  allowed  carbon  capacity,  as  well  as  engineering  controls 
and  personal  protective  equipment. 

The  alternative  would  meet  a  carcinogenic  risk  of  10^  and  a  hazardous  index  of  1 
within  10  years.  If  no  active  remediation  alternative  is  implemented  at  the  site,  the 
ground  water  will  not  meet  the  remedial  action  objectives  for  an  estimated  330  years. 

Implementation 

The  construction  and  operation  of  the  primary  GAC  treatment  system  can  be  easily 
implemented  and  is  technically  capable  of  treating  the  contaminants  in  the  ground 
water.  The  capacity  of  the  system  can  be  increased  if  additional  ground  water  needs  to 
be  treated  or  the  concentration  of  contamination  is  greater  than  expected. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

No  special  equipment,  materials,  or  technical  specialists  would  be  required  for  the 
implementation  of  the  GAC  treatment  system.  Vendors  are  also  currently  available  for 
the  supply  and  incineration  of  the  GAC. 

State  and  local  coordination  would  be  required  for  the  implementation  of  legal 
restrictions  on  the  use  of  ground  water  at  the  site  and  the  discharge  of  treated  ground 
water  to  the  environment. 
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Cost 

The  capital  and  operating  costs  are  presented  in  Section  4.2.10.8  and  Section  4.2.10.9, 

respectively. 


4.3  Comparative  Analysis  of  Alternatives 

The  comparative  analysis  of  the  six  alternatives  is  presented  below  for  each  of  the  NCP 
evaluation  criteria. 

4.3.1  Protection  of  Human  Health  and  the  Environment 

Alternatives  3A  and  3B  (UV/oxidation  treatment)  would  reduce  the  contamination  in 
the  ground  water  to  below  preliminary  remediation  goals  in  a  time  frame  of  30  and  10 
years,  respectively.  Alternatives  4A  and  4B  (GAC  adsorption)  would  also  reduce  the 
contamination  in  the  ground  water  to  below  preliminary  remedial  goals  in  the  same 
time  frames  of  30  and  10  years,  respectively. 

Alternatives  5A  and  5B  (UV/oxidation  treatment)  would  not  reduce  the  contamination 
in  the  ground  water  to  below  the  preliminary  remediation  goals  but  would  reduce  the 
explosive  concentrations  to  an  incremental  cancer  risk  of  10-^  and  a  hazard  index  of  1 
in  a  30-  or  10-year  time  frame,  respectively.  Alternatives  6A  and  6B  (GAC  adsorption) 
would  also  reduce  the  explosive  concentrations  to  levels  that  yield  a  resultant 
incremental  cancer  risk  of  10-4  and  a  hazard  index  of  1  in  a  30-  or  10-year  time  frame, 
respectively.  The  ability  to  meet  the  time  frames  presented  in  these  alternatives  is 
dependent  on  two  factors: 

•  The  ability  to  extract  the  contaminated  ground  water  from  the  aquifer 

•  The  ability  of  the  alternative  to  effectively  destroy  or  remove  the  contaminants  of 
concern  from  the  ground  water 

Upon  achieving  the  remedial  action  objectives  for  Alternatives  3 A,  3B,  4A  and  4B,  the 
total  hazard  index  for  the  ingestion  of  and  dermal  contact  with  ground  water  for  all 
compounds,  at  reasonable  maximum  exposure,  would  be  reduced  from  60  to 
approximately  2.  The  total  incremental  cancer  risk  for  the  ingestion  of  ground  water 
for  all  compounds,  at  reasonable  maximum  exposure,  would  be  reduced  from  2x10-3 
to  1.3  X  10-5.  Similarly,  upon  achieving  the  remedial  action  objectives  for  Alternatives 
5A,  5B,  6A,  and  6B,  the  total  hazard  index  for  the  ingestion  of  ground  water  for  all 
compounds  at  reasonable  maximum  exposure  would  be  reduced  from  60  to 
approximately  2,  and  the  total  incremental  cancer  risk  for  the  ingestion  of  ground  water 
for  all  compounds,  at  reasonable  maximum  exposure  would  be  reduced  from  2x10-3  to 
3  X  10-4.  For  Alternatives  4A,  4B,  6A,  and  6B,  only  the  explosive  contamination  would 
be  remediated.  The  naturally  occurring  metal  contamination  would  remain  in  the 
aquifer  at  current  levels  and  accounts  for  most  of  the  remaining  cancer  risk. 
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Each  of  the  eight  pump  and  treat  options  (Alternatives  3A,  3B,  4A,  4B,  5A,  5B,  6A 
and  6B)  would  have  the  extracted  ground  water  reinfiltrated  into  the  aquifer  to 
eliminate  the  potential  for  lowering  the  level  of  the  water  table.  Reinfiltration  galleys  or 
reinjection  wells  would  have  to  be  carefully  designed  and  located  to  prevent  the 
migration  of  contaminants  away  from  the  extraction  wells.  In  addition,  each  of  these 
alternatives  would  include  an  initial  discharge  of  treated  ground  water  into  the  washout 
lagoons  to  flush  the  remaining  contamination  from  the  soil.  Because  of  the  uncertainty 
surrounding  the  flushing  of  the  explosive  contaminants  from  the  soil  into  the  ground 
water,  a  detailed  monitoring  program  will  be  required  in  order  to  ensure  the 
reinfiltration  is  not  spreading  the  contamination.  If  the  reinfiltration  causes  an  adverse 
effect  on  the  aquifer,  it  will  be  stopped  and  the  water  will  be  sent  to  the  reinfiltration 
galleys  upgradient. 

Alternative  1  (No  Action)  would  not  provide  any  protection  of  human  health  and  the 
environment  and  would  not  return  the  aquifer  to  its  beneficial  use  in  a  reasonable  time 
frame.  The  implementation  of  the  alternative  would  not  have  any  beneficial  impact  on 
the  environment. 

Alternative  2  (Institutional  Controls)  would  provide  only  limited  protection  of  human 
health  and  the  environment  by  restricting  access  to  the  contaminated  ground  water. 
Institutional  Controls  like  the  No  Action  alternative  would  not  return  the  aquifer  to  its 
beneficial  use  in  a  reasonable  time  frame.  The  implementation  of  the  alternative  would 
not  have  any  beneficial  impact  on  the  environment. 

4.3.2  Compliance  with  ARARs 

There  are  no  chemical-specific  ARARs  for  the  explosive  contamination;  however. 
Alternatives  3A  and  4A,  and  3B  and  4B  would  meet  the  preliminary  remediation  goals 
in  the  ground  water  in  a  reasonable  time  frame  of  30  and  10  years,  respectively,  by 
extracting,  treating  and  reinjecting  the  treated  ground  water  back  into  the  aquifer. 
Alternatives  5 A,  5B,  6A,  and  6B  would  reduce  the  contamination  in  the  aquifer  but 
they  would  not  meet  the  chemical-specific  ARARs  for  RDX  and  2,4,6-TNT  because 
these  contaminants  would  only  be  reduced  to  an  incremental  cancer  risk  of  IxlO-^  or  a 
hazard  index  of  1.  Alternatives  1  (No  Action)  and  2  (Institutional  Controls)  will  take 
approximately  5,000  years  to  meet  the  preliminary  remediation  goals  and  return  the 
ground  water  in  the  region  to  its  beneficial  use. 

Alternatives  1  and  2  do  not  have  any  action-specific  ARARs  because  no  remedial 
action  would  be  taken  under  these  alternatives.  Alternatives  3A  through  6B  would  each 
meet  the  action-specific  ARARs,  including: 

•  No  state  and  federal  safe  drinking  water  regulations  exist  for  the  contaminants  of 
concern;  therefore,  the  ground  water  will  be  treated  to  ensure  that  each  compound 
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meets  a  hazard  index  of  1  and  an  excess  cancer  risk  of  10-6  prior  to  its  return  to  the 

aquifer. 


•  State  surface  water  discharge  or  underground  injection  regulations  on  the  disposal 
of  the  treated  ground  water. 

•  All  RCRA  requirements  will  be  met  in  regard  to  the  transport  and  disposal  of  the 
residuals  from  the  treatment  process.  The  explosive  concentration  in  e  spent  carbon 
will  be  equal  to  or  less  than  7%,  which  is  well  below  the  explosive  limit  of  10% 
(Arthur  D.  Little,  1987).  TCLP  analysis  of  the  spent  GAC  would  have  to  be 
performed  to  ensure  that  the  DNT  concentration  was  below  the  RCRA  limit. 

4.3.3  Long-Term  Effectiveness 

Alternatives  3A  and  4A,  and  3B  and  4B  would  reduce  the  contamination  in  the  ground 
water  to  below  preliminary  remediation  goals  in  a  time  frame  of  either  30  (3A  and  4A) 
or  10  (3B  and  4B)  years.  Alternatives  5A,  5B,  6A,  and  6B  would  not  reduce  the 
contamination  in  the  ground  water  to  below  the  preliminary  remediation  goals  but 
would  reduce  the  explosive  concentrations  to  an  incremental  cancer  risk  of  1  x  10^  or  a 
hazard  index  of  1.  The  ability  to  meet  the  time  frames  presented  in  these  alternatives  is 
dependent  on  two  factors; 

•  The  ability  to  extract  the  contaminated  ground  water  from  the  aquifer 

•  The  ability  of  the  alternative  to  effectively  destroy  or  remove  the  contaminants  of 
concern  from  the  ground  water 

Upon  achieving  the  remedial  action  objectives  for  Alternatives  3A,  3B,  4A,  and  4B,  the 
total  hazard  index  for  the  ingestion  of  and  dermal  contact  with  ground  water  for  all 
compounds,  at  reasonable  maximum  exposure,  would  be  reduced  from  60  to  less  than 
2,  and  the  total  incremental  cancer  risk  for  the  ingestion  of  ground  water  for  all 
compounds  at  reasonable  maximum  exposure  would  be  reduced  from  2x10-3  to 
1.3x10-5.  Similarly,  upon  achieving  the  remedial  action  objectives  for  Alternatives  5A, 
_5B,  6A,  and  6B,  the  total  hazard  index  for  the  ingestion  of  ground  water  for  all 
compounds,  at  reasonable  maximum  exposure,  would  be  reduced  from  60  to 
approximately  2,  and  the  total  incremental  cancer  risk  for  the  ingestion  of  ground  water 
for  all  compounds,  at  reasonable  maximum  exposure,  would  be  reduced  from  2  x  10-3 
to  3  X  10-4.  In  all  cases,  the  remaining  risks  would  be  due  to  the  remaining  explosive 
contamination. 


Alternatives  3A  through  6B  would  produce  varying  quantities  and  types  of  treatment 
residuals  that  would  have  to  treated  and  disposed  of  off  site.  All  residuals  generated 
during  the  remediation  of  the  ground  water  would  be  disposed  of  in  a  manner  to 
eliminate  unacceptable  risks.  The  metal  hydroxide  sludges  from  the  metal  precipitation 
unit  would  be  disposed  of  in  a  hazardous  waste  landfill  (Alternatives  3  and  5);  and  the 
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spent  carbon  from  the  GAC  units  would  be  incinerated  off  site  or  by  another  method  of 
thermal  treatment  such  as  regeneration  or  a  cement  kiln  (Alternatives  3  through  6). 
Alternatives  1  and  2  would  not  produce  any  residuals  because  no  treatment  would  be 
performed. 

Alternatives  3 A,  3B,  4A,  and  4B  would  be  operated  until  the  ground  water  met  the 
preliminary  remediation  goals,  and  the  contaminants  would  be  either  destroyed  on  site 
in  the  UV/oxidation  system  or  off  site  when  the  carbon  is  incinerated  (or  treated  by 
another  method  of  thermal  treatment);  therefore,  no  long-term  controls  would  be 
necessary.  Alternatives  5A,  5B,  6A,  and  6B,  however,  would  leave  residual  RDX  and 
2,4,6-TNT  contamination  in  the  ground  water  at  an  incremental  cancer  risk  of  1  x  10-4 
for  each  contaminant. 

All  the  technologies  that  would  be  used  in  these  alternatives  are  considered  reliable. 
However,  the  UV/oxidation  pilot  study  found  that  UV/oxidation  could  not 
economically  meet  preliminary  remedial  goals  without  GAC  used  as  a  polishing  unit, 
with  off-site  thermal  treatment  of  the  spent  carbon. 

All  six  alternatives  would  require  five-year  reviews  to  evaluate  whether  the  alternative 
is  protective  of  public  health  and  the  environment.  The  five-year  reviews  would  be 
initiated  five  years  after  the  start  of  the  remedial  action  and  would  continue  until  no 
contaminants  remain  at  the  site  above  levels  that  allow  for  unrestricted  use  and 
unlimited  exposure. 

4.3.4  Reduction  of  Toxicity,  Mobility,  or  Volume  through  Treatment 

Alternatives  1  and  2  would  allow  the  contaminated  region  to  naturally  attenuate.  The 
natural  attenuation  would  not  reduce  the  toxicity,  mobility,  or  volume  of  the 
contamination  by  treatment;  however,  the  reduction  of  the  contamination  would  occur 
by  natural  means  (biological,  abiotic,  and  diffusion)  over  a  5,000-year  period. 

In  Alternatives  3A,  3B,  5A,  and  5B,  the  UV/oxidation  system  would  remove 
approximately  90%  of  the  contamination  from  the  extracted  ground  water,  based  on 
pilot-scale  treatability  studies  (ICF  Kaiser  Engineers,  1993)  and  an  economic  analysis. 
The  remaining  contaminants  would  be  adsorbed  using  the  GAC  polishing  system. 

The  UV/oxidation  system  would  irreversibly  destroy  the  contaminants  directly  by 
oxidizing  the  organics  to  carbon  dioxide,  water,  and  nitrates.  The  residual  contaminants 
would  adsorb  onto  the  GAC.  The  contamination  adsorbed  on  the  GAC  would  then  be 
irreversibly  destroyed  by  thermal  treatment  at  an  off-site  facility.  Both  treatment 
systems  will  reduce  the  volume,  toxicity,  and  mobility  of  the  contaminants. 

In  Alternatives  4A,  4B,  6A,  and  6B,  the  primary  GAC  treatment  system  would  remove 
greater  than  99%  of  the  contamination  from  the  extracted  ground  water,  based  on 
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previously  conducted  adsorption  studies  (ICF  Kaiser  Engineers,  1993).  The  adsorbed 
contaminants  would  be  irreversibly  destroyed  when  the  spent  GAC  is  incinerated  or 

treated  using  another  type  of  thermal  treatment  such  s  regeneration  or  a  cement  kiln. 

Alternatives  3A  through  6B  would  produce  varying  quantities  and  types  of  treatment 
residuals.  The  metal  precipitation  system  for  Alternatives  3A,  3B,  5A,  and  5B  will 
generate  metal  hydroxide  sludges  at  a  rate  of  approximately  185,  455,  107,  and  273 
tons/year  respectively.  These  sludges  will  be  disposed  of  off  site  as  a  hazardous  waste. 
The  spent  GAC  will  be  generated  at  a  rate  of  approximately  1  to  6  tons/year  for  any  of 
the  UV/oxidation  alternatives  (Alternatives  3  and  5),  and  approximately  23  tons/yr  for 
Alternatives  4A,  56  tons/year  for  Alternative  4B,  13  tons/year  for  Alternative  6A,  and 
34  tons/year  for  Alternative  6B.  Residual  GAC  will  be  thermally  treated  off  site.  ’ 

Alternatives  1  and  2  would  not  produce  any  residuals  because  no  treatment  would  be 
performed. 

4.3.5  Short-Term  Effectiveness 

The  operations  of  Alternatives  3A  through  6B  are  not  expected  to  increase  the  risk  to 
the  community  since  no  contaminants  will  be  released  to  the  environment.  The  risks  to 
the  workers  from  using  the  acids,  bases,  and  the  ozone  would  be  minimized  through  the 
use  of  engineering  controls  and  personal  protective  equipment. 

Alternatives  3A  and  4A,  and  3B  and  4B  will  achieve  long-term  effectiveness  in  the 
ground  water  in  the  reasonable  time  frame  of  30  and  10  years,  by  extracting,  treating 
and  reinjecting  the  treated  ground  water  back  into  the  aquifer.  Alternatives  5A  and  6A 
and  5B  and  6B  would  reach  their  objective  in  30  and  10  years,  respectively;  however 
both  of  these  alternatives  would  leave  residual  RDX  and  2,4,6-TNT  contamination  in 
the  ground  water  above  the  preliminary  remedial  goals.  Alternatives  1  and  2  would  take 
approximately  5,(XX)  years  to  meet  the  long-term  objective  of  returning  the  ground 
water  in  the  region  to  its  beneficial  use. 

The  ability  to  meet  the  time  frames  presented  in  these  alternatives  is  dependent  on  two 
factors; 

The  ability  to  extract  the  contaminated  ground  water  from  the  aquifer 

The  ability  of  the  alternative  to  effectively  destroy  or  remove  the  contaminants  of 

concern  from  the  ground  water 

4.3.6  Implementation 

The  construction  and  operation  of  the  UV/oxidation  systems  for  Alternatives  3 A,  3B, 

5A,  and  5B  can  be  easily  implemented  and  would  be  technically  capable  of  treating  the 
contaminants  in  the  ground  water.  However,  the  UV/oxidation  system  is  economically 
feasible  only  when  used  with  a  GAC  polishing  unit  as  previously  explained  in  Section 
4.2.3.  The  GAC  systems  specified  for  Alternatives  4A,  4B,  6A,  and  6B  can  also  be 
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easily  implemented  and  have  been  proven  to  be  capable  of  providing  adequate  primary 
treatment.  The  processing  capacity  of  the  alternatives  can  be  increased  if  additional 
ground  water  needs  to  be  treated  or  the  concentration  of  contamination  is  greater  than 
expected.  No  special  equipment,  materials,  or  technical  specialists  would  be  required 
for  the  implementation  of  these  remedial  alternatives. 

There  is  some  uncertainty  surrounding  the  reinfiltration  of  treated  ground  water  into  the 
lagoons  to  flush  the  remaining  contaminants  from  the  soils.  Because  there  is  the 
potential  for  the  reinfiltration  spreading  the  contamination,  the  ground  water  in  the 
vicinity  of  the  lagoons  will  have  to  be  monitored  to  ensure  that  reinfiltration  is  not 
adversely  affecting  the  ability  to  remediate  the  ground  water.  If  there  is  a  concern,  then 
the  ground  water  will  be  switched  to  the  reinfiltration  galleys  upgradient. 

Alternatives  2  through  6B  would  require  state  and  local  coordination  for  the 
implementation  of  legal  restrictions  on  the  use  of  ground  water  at  the  site  and  the 
discharge  of  treated  ground  water  to  the  environment. 

4.3.7  Cost.  The  capital  and  operating  costs  for  each  alternative  is  shown  below: 


Alternative 

Capital  Cost 

Operating  Cost 

Total  NPV 

1 

_ 

$4,000 

$81,000  (a) 

2 

$20,000 

$40,000 

$820,000  (a) 

3A 

$2,200,000 

$790,000 

$14,700,000  (b) 

3B 

$3,700,000 

$1,600,000 

$16,300,000  (c) 

4A 

$400,000 

$380,000 

$6,400,000  (b) 

4B 

$550,000 

$670,000 

$5,800,000(c) 

5A 

$1,700,000 

$550,000 

$10,400,000(b) 

5B 

$2,900,000 

$1,100,000 

$11, 600, 000(c) 

6A 

$350,000 

$290,000 

$4,900,000(b) 

6B 

$450,000 

$480,000 

$4,200,000(c) 

(a)  Total  NPV  estimated  over  300  years  at  an  interest  rate  of  5% 

(b)  Total  NPV  estimated  over  30  years  at  an  interest  rate  of  5%. 

(c)  Total  NPV  estimated  over  10  years  at  an  interest  rate  of  5%. 
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o*o.ro'r^.qq^^r«i.OiCMiOf«»ocO<£>co^^cDa>cM^r'-ocMioeooco<o' 

cacM^CNjco2®®'^^^^®u)u><d(d<o<dhJr.:r>^'r>>'cDoda)o>a)a>0}odo 


u)coh>CDOO^ojco^u><or>>coa>OT-cMco^ 

;T^^:^^c^wc^cyc^rgojCNJcvjc»jtococococO 
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Appendix  C:  Operating  and  Maintenance  Caicuiations 


SL\\t-<r>o&\>>4e-  'v*^  4-Ve,  C'Sfw\r 

-foe  '^-y'T  i2cn^2XO. 

"T'Ws.  '5^'^C  ^£'Jvex>5  ^lSSow^cA  1c>  43-^!^  Vn'T  ^'4€.*C^  ^'-vj 

fn  C>-<rt:^<‘  "tci  4^ciV'\a-\e.  4\^  Cci'i,  •t.VvJS_ 

Vvovjv--*^  c^^-O'C^Q-C^  c>>j(L'C  '/€e>^''^  4  5^0  W"<- /\/<c‘  ui&'b 

U-VV^C  cX 

^a-\jL  •To'^  4\v^  ^>5l£ui  i^\:>aL’i^^  U■pciy^  25^  YVvN:^  \€nJc\ 

£'rsai'/\?ecj  Q(tC>’^'»=‘,'^4.  o-c  C-W-^''^:.'^ 

O  w 

L&^ocj^-  ^ia.'_C.  s  ^?5/Wc  y- 3*'5'  Yns.cVu^  =  ^o^|U-r 

Ca<,lo^S-y<  e«i«..i=  %0/vc  y =  *‘^,0co/y<r 


'National '"Brand 


o 


Sa.w\^\2.  Cci  llsc 

I^U-'-Te-^  ~  iS"  U^\\<5 

3*'t>a>-\V.  \'r\\.c< 'be.d^  —  A,  uie\\‘i 

"TTvAt.  4.CS  Cory\p\eie.  CrvC.  <a'0G^^•i.  lOc^Y^ 

^  "Ls^Ve  -pWc  ^  kvwv^s  j\i<r 

Tu^6  jz-K.'^\.  =  80  ^  ®'^^/p:<=is^cS&v 

—  L^b  Vvc 

la.Nao'c  l^a-ke.  s  ^8. so  lv<  i-  ^.5■T1^^<•^c;u^  =^3o/vv^ 

Su^<sv«i\c»>^  ^d^-r^^Ne  CCi\\eC  \.VC>A  - 

|se.~>vw.  e,ic^\  y  ^  y 

=  5i  '"Yyv 

"^a.^  -  ^  lA.^jOjUr  y  5.5  Tna^Vap  =^S0 /v.-c 


Sac>fv\p\e  Av^a\Y*J'^s 

IR  IciCd.k^'^s  y  2  /  Iftcak'^a'^  -  38>  Sa!.'l^f^I>/c^)e|A■k 

3^  /e'jcvv-^  ^  4  e'je'-cks /y.r  =  152  S  &-'fA^\es  /y-r 

‘i^  ^  ^1  SO  /  Sa’ws^\e. 

£e.Nit\o - 

I  A»Y  ](^>^tv^AL  /.  ?c  S  32.^<^'<^Vf /Y^t 


P\l-\::e.<v\a^V^'^  '^S^'&.vvvg.s  \.W  LAn)(os.' C^JvV'Ovo  G  f\  C  pc^V'-l,' 

BCiy'CS  -Vri  -c^yvscA'&^jl  4\<l  &kCjiA;A<’<’  ^TRG'^.'T’l^e 
-Tci'C  ^L\\£•C'^■a^  Ai-O^-  I5S'^P'^*  I^WS.  ■/^|loi>ixvv:^  Ca.Ae^«k'C‘ve‘b 

O^  OP?^sl\.vv>^  Co^Ajb  cAe-'ieV)^!:^  'oS.Wu^*. 


•  Uci'Ts'  \i><-v\rve^ 

•  Ke4a-\^  P^GCv'p'AAV'-fc.A 

“  E\Cc\.-<'Ca.\ 

•  0^c>v\e. 

•  GI^C 

‘  Gf\C  1 'r\c.'v  wr-f  a- v\ 

•  D'v£.f>e>sa.\ 


\Ac>y\\ Ao<\\a^—  \v«^  IW^..  2. 

>5’*'yc  cvn  \ 

lAe\.'».\  ’R'cc^pv  \5a.'5>ec^  ov>  cc»n.'sje^'ssA.' 


(>iv^Vv  ^Ysc^Co  £^V'<c>v\vwe-v^'\>.V 

E?f\  ^’c>c  \!We.  •^v>ro'ia^\  oSJ  Wa^'jy  TY\sAa-\*b. 

Co^A.  Ao"^  cVe-^Vt^X^  UltADtX  <^«su.'fy:5>  uJiaL^je-c  //000<\^1 

E\<2cA.<'C^\  -  (Xbe3f^  oj»ajb  c^Me-VopcA  \>aS«ci  Cj^  U.v)  Vl^VV.'b,  pu.-*vNp5,_^  ^ 
ri^'^C.  G\2c\5''ta\  ^cx-  VvCa-Xivs^ 'VstA.’A^''-'^  ^  \l<^V\.vv\«^  ^  CC,4.« 

ElecW'CaA  ccs^A.  e.s\;'^/v^^Ae,  4^^  •^A^e.  Noo.sec^  e>v^  CowJ(?<:^a- 

\02,\.uicev^  VCev'vv^  Q,a.V\\\  j\t5\_  'V  'Dc»i-^<^'K02(A  C:^  S:>W-c 

CVcvA  .  "T^Vvs,  "S&Va-c  CWvvN  CkcA-^itaA  U.^(^  Xa^caus-^- 

\A.  uiej.*!.  Vv^Ve-c  AVa.>r\,  (/l\A5c>'i'i  SsAi-v'^a^  e>.M>c^  •tVjS'Cfi  Ao'ce.  Vsclvvies 
-io  'bH.  YYNO<^  Covst^-CNiaA-NC- 

7i 

^  7Ci,'^s(„,o«:>=.VYr 


National  "Brand 


n, 


2S 


E]\2C.\:.'c'''-ca.\  (C(bv^4_.'^ 

70j'^s4,c»o^&Yy<-  i,  li^(£,^i.\^  ^.irikwu/y, 


2^c^^\'Ov\&.\  \S'Vci  c>\  k;  uiV<  u^ai.'i  -fo-r  k.Ve.  p  uw^  pS 

2i^vscii  rr\\*^Clx  alsau^C. 

'A  \»  \S”  pu.'f^'pis^ 'fA\'^cG.lecV'C'Ca.\'^  ss.  (^.\  1^  Vc.viV-r 

O'^Civv^  -  CcivL\  ■&.<■£. 'Wa.^A  Civ^  (£.  [(lcW'C£l^  Cc>'s.\si  ^Ci.O(£>/k'»^V 

S»^-vnC^  C^CiSG.  'Zr^^Q  |\  /yv\lv^.  Csvn  4:W.S6- 

vvnQu^^  4.We_  rA'\&.v\  rspto-c^,  s.’ta-Viecil  ^vs  Q  ^\^cL’C^^\ 

Cos-l  ^0,2S'//CC<^^2l\  ^ 


G  P^C  Ub5.<^<l  -  GPC.  u:i2i.S  U'bGC^  U5|  (X'^jCiK  4o  poV'S.V,  ^Vjz.  Q•Ct>u.^«^^) 

•  “Tci'^X  ^'f p'lCi^'^e.  CciACe'A~,<^’^^v^  C)v\  G 

\  \>#VS\  UcX  -l^  7%  \v\^'cac-c  4.Ci  V\o^>iv'^c»  gsk. 


E^pWv'ie  4cj  GJ\C  ass>'--^'vv^  3l  lCi“/o 

4:Vvi^  CLC>v-^cc^t^\ie>v^  S_,  AOCiyL*.^/\_ 


5-^0  ^'^/l  ^  ^•■''^  I /^^\  V.  ^  525.W»-^  ^ 

•< ''V4«^i  3^C)\\s/^(^ 

320  ^  ''“^‘^/o,cnife&fte'"»i=  4570 

^  '^Vzsb^it  ^  2.5W<SftC/Yr 

C!-6..c\xiV\  ClW&.V\C^  C>VA^ 

SGSc^a^y-s/y-r  K  I'/'C  /  2.'5,•i^5v^sQ  AC  -  lS°((^p  j 


i  '  Hr.ind 


ilU'Cvsa.-VNie  5l\^Ctovs\. 


Qyt^Cl.  IrNd'vVsC^^^^OsrN  —  Spivs  (3  f\C  UiiS.'a.  0\co-\2>-AjEc^  vV'N  pKGM'Ou'^  Ca.\cJ 

o?  Gi^,C  I  d  •CLXVVS  /  ^  a.^SvAV^ea  ^^Siblc^ 


D'^^po%s-\-  ~rWv'5i  \^  c^vs.p:b^\  o?  V\>jd<tb'^lc^e.  ‘S»luci<\e'5,  fcc^vy 

4.^2.  'rAe,‘4.a-\  p'CC.c.ipv'^.a^Je^^  Ct^vs^V  Sk.r\C^  S>-  Svv\a.\\  a^vv\^uv\4 

^cciw^  4.V.2.  (ii^^.'CaA.^c.N^  u:i,eA^. 

pCC<inxC.4.^0V\  l’5,\oa-'i®0  C>VS  CC>Vs'^C'*^^4i<bv>t, 

ft  \  \iO  _  /  ^  -\  \\^  I. .  i\ 


EvftsiUavNwsewA^l  Pcoces.s<»s .  (S.  2 '''“/lCiC>o<^ai\  ^ 

S.Z  ''“/icic«,^a.\  ^  12,SSji\/v.N'.vs  X  X  ' 

-  ISS  4:bVN^ 


^2&e.k\V3 


m:b 


36  ~  'b::^  TR^S  \^\  iP 


P\l'\::e--^'^^^^^  '^S'i'|>-'Aa^s  \X\&.  tx%t.  L\\)  (osi' c^ » \.'c.\a  Cst\C.  pCiV' 

lO  jy'cs  Axi  •cevY^(^c^^^v\£.  4!W_  evcjK-Ae-c  to  f RG-s  .“PWe  ?  'C<3.-\£. 

-fci'C  tWv’b  SLWe-cA^lvsjt  L<^  3S3<jpm  .  “Ti^e.  /c>lkiAv\N:^ 

Co^tb  c^cNieVtspec^  \De.\c>u^‘'. 


•C\'r\6s^ 

o  S~^<:  l2e'j''^euh^ 

•  ^Ae^\^  P'<:Gc''~9'\dL\.vt.'A 

•  E\CC^<'CSl\ 

•  0^ovv(5. 

•  G  P^C 

•  G,f\C  I  'r\G'AE<a-^^t>v\ 

•  Dis\:5ciSat.\ 


tAovN\ ti'CvWC^-  Se£  Co^\\v\<^  vVs  iwt,  Z 
vS’-yc  'Re'j'2^  -  <s>ee  l\\t  \ 

tAe\.‘2>.\  1tcC\p\  t  C>v>  Cc>>r\\je<?>2>A,v?i'AS 

LOiv^Vs  I^Y\cico  Gt^V''Co^^v^^e■v^•\>■\  'vVocie'.^e'i  6)-'<nc^  c>'rs 

E?f\  •To^'  •ce.wvi'ia^N  Wa^'iy  Tn^stzA’b. 

to-c  cW'^Nt&.\^  UtADf\  «^^cyL>>>cyi)  u5>au\j2-c  //OOO^a 

E\cct<'Ciet\  -  (X^eae^  oisjs,  c^eVo-^d  c»o  U.n)  VlcAV^i,  pu.Yv\p^^  ^ 

rV\''^,  G\Cc\5‘'ta.\  Vvea-t-v>^  \>u.’A.d^vv^  ^  Vl'^Vd^vvc^  j  Get. 

E\£cW'-C3k.\  Cci^\  C-S^^'x^sAe.  -I^'T  ■^^e.  CX'^  \^^tb  Noo-seefc  Q>v\  CowO^^a 

UovA<a  \.o5>ee>^  \ccvv'^  C,aJW\\  E)c>i^<^'K0a(A  Cb^  *SoW.-c 

CVc.w\  .  ~~T'V^  ^e>W-c  C\/ve>^  C  Wct<  ^  uSsgcA  \a.  cauv^  - 

id  uie?.':;^  W^W-c  tV&.'^  (/l\t'C>'i’5>  GS'tv'^o.A^  'pB.'ii  dVs£'C£ -Ci'ce.  'tocV^vie^ 

“io  Nee.  mcrce.  Cov\t3C-c->jaA_Ne, 

jlCiOO^aA  ci^  vPeA?< 


3h^^  ^ 

i^it) 


=.  1 72^442,000 gal/yr 


'  VI 


I?3,W,0a!> 


!)£<:, 


"75*  )<  WV-c 


/ tCiC^  -  { 3,0  ^  W  W  /y , 


Id  Ci.\  |c^  U^V-t  UviSv.*^  tWs.  ■pUvv^  PS 

rrN\*^C.  V  G.  \fic4.'^t5>.\  CAi52L^^  , 

(3),0  ^  ^y<'  ><  (^^■c  «v 'rf\\^ce,leA,<'ca>,V^  -  (5.0  M 

-  Ccivt.\  Va8.1^  CiV^  e,  [e.cW  ^ca.\  0:b^\s.  o^  ^C^.C^Llk'^V  I 

2>.y\  C^^SQ.  Zrr^Q  I)  /w^'^v^.  C>vn  •kWs^ 

mpu-bi  i.W  h'v\e>.Y^  re<^<\.  ^vn  0>  \ec^<-^cd,\ 

Cos4.  ^0.2S’//Cioc^^a.\  ^ 

Gl\C  -  GPiC  [x%qA  u^(  (X'^(ci7<  -U  4.Va  Q^uryN^) 

S  .  Tc^-^\  ^'(:p\<a’sl'i2.  CciACe-AW^^s^  c>v\  G  k< 

\vNCi'CQ&<  4si»  &>V:i'A  VvOci^-AQ 

Y>r^ekAe^'va\, 

EitpWs'v'ie  ,GAC  3^sisu.vv^w  c>G  > 

4.Ve.  c>'<'^'^'Aa\  Clc>v^^:■e■v^t<^^Je>v^  c>SJl  S_,  /\_ '^ 

5-^0  It  ^  33Sgaj^,^«^  S2E,W»,^  ^ 

■<  IVVr 

ft.  2.70  jM\oG/V:/  \tov\/  ,  >  , 

i  /'/'T  7«  /2£>oo\G  —  5.6  /y^ 

C-e..c\»v\  CWst^vNC^  C»ucV.  ' 

ZL5A».p/^r  K  l-l^  /S.tj-ito'sGAC  =  ^CsUa-fs/ia^ 


S^vn4:  G  ^\C  u^5.‘a>  Ca^\cu.\2>-Aj0c^  vV'^  pcGM'Ciu'^  C^\c. 
Gi^>C  '/^  Ic:, 


%is\\,i  =  33^ltk. 


D>t>fe>'oa-\  'S  ^o<r  tVe.  A'sy<b>%a\  cA 

n^e^\  3,^ 

oV  ^u^pev^dcd  ^cciv/^  -tVe  ^,t\,-caA.iciv^  u^e\\-b 

^Ci^UO'i,  pxooLvxC-t^Civx  i^V^a.'iea  c>vs  Ct^^^ic<^'5»Mi^£.v^s  v>5t\'^ 


'  T'CCivy 
3wW\{j,uvi'i 


^Ci^Ud'i,  pxodvxC-^^Civx  i^V^a.'iea  c>vs  Ct^^^ic<^'5»Mi^£.v^s 

A^dco  E'v\\l>.<c»-«Av^\e-'A'\ai!  (S,2.  /lC5C>Ci<^a\ 


S,2.  '^/lti(iCi<^a,\  >c333i^a.\/  Vv\lv\ 

-  456| 


(fiCiD  rv\vv\ 


A  O^  GAC.  ^c^-c  ^ 

<^yvv.gjC^iaA£.  a^^u\^c<‘  ”7"^^  -LW^ 

A\4;^-<>^a'\3vK,  cS  1^5^  ‘^P'^»  r’l\£  -Po  lltioiivv^  Cd-^^'C'C^  c  pcca-^'vs^ 

Ccs>^’^»  suce.  cie'jeVipedi  Vuelcioil 

•  Hc>y\'^<'"^ 

•  S-wc 

•  E\e.c4<^’^\ 

•  G  t^c. 

•  GAC.  lv^c^v^)&caA^^ 


VAov\^\G'c''.\a\^  —  vvo  lA\\..? 


£^\?t4,<‘'ta\  -  EWcWv  t5>.\  U^aa^  <^'4e\&pcA 

dcx>A  rv\V^.  Q.let^.'ci^V.  P 


uy<^ 


- 


-3fne-'i''^'^^  IC^c\pyn  V  ^^9, 

C.P^\0«v\tY  ^O  /ft 


^^Vo.G  ><  3pu^^  )C  ^  J«  0.74SV::' 

=  100^500 

Fee^  Ouvao  fr\a.iAVuv-s  r«^\iiv\\  ^O^opr*^  ..  5"  Vo  <vicA£i<* 

7'S7.  ^  ^ 

'^W/o.7S’  tc 

^  ^^^7^^  kui /y^ 

D'ScXs.a^^'L  Tr\a-+'V»vw'N%  ”7^pj  ywv<;^>' 

o^  TS\ 


Ions' 1  pv^vv.^  ^  i.  ontii. 


>> 


t  r." 


HC'.i/ 


k«o 


To-La-V  puwv-p  e\ec‘W'ca.\  LSa^e. 

:  IOCj,  Sbci  +  M,7C)C>  1 2, 50Ci 

=  201,1  bc,  ^'^l-ic 

Lxv^'vvt,  -  atssu-wve.  a-  IC),c>&o  ?A?  uilU  l(A4iv-» 

1 0 -C 4  -  Cd^vyilei 
fY\a.iv\A.ev\».v>ce  ^ojc^sx  Qi,7^  • 

SOi  IdxrnCws/  ia:^4  {  o  vTCi^ 

§.(<>  ki*i  It  2iAW/^y  ^  3)^^^'fs»/'y'r=  7SjC^C:> 

E\ecA5'«^V  -  2>.c^(^iUc^y^\  SOVci  clec'UVcaL\  oaas 

aL^Su>Ksedi  4’o'C  <i4^Wc  yNe€<is  ,ec4. 

r  (207,7CiC^  4  lS,0CiC^k^l^^')  ^O.S" 

=  lA\,coo 

G  f\  C.  "  G  P^Q.  (xsec^  4j5^  Cie'rrvO'je.  ^w\\ 

CC>vn\  ,  jT^-kaL-V  CT^-plc^Vvst  Co^ce'^‘\*<ai4Aov\ : 

\fic?  -tea  \VN  C5r^<^-r  “to  V\aj>jtvx(V  I 

3t^^-fpVj(®»\>»t  rrvw.4jt<N^\  , 

Ei.p^0Sv>Je.  Ic!&A^'^<\  -l^vi  Q|^C\;ii&L^ 

S4C>C> 

Sf\0C^^^ll  7^  ^  l5S^a\/r.'.vs 

Y  =  '^105 

3  ZC>S  Wjtfpoivjc.  i,  /c>.C>7  \\Dwp^<i^'Ae.  =  AS^&OO  )\>  &KC /^  5 

A5,8oo  iVGfVCIy,  ♦ 


G  KC.  (cc»v^^  ^ 

5^5*  ci«.'p>  /y^  ^  I  = 


\'r\c^v\so-X.^v\  -  ^pev\A:  GK^  (>^0^“^  CsAciJ-W^ft^  v^N  pc€'^^Ci'AS>  C&Ac,» 

oixa.'rsVA*^  (L  I  v’b 

3>2S  1\d  |c^<\>.vv\ 

22.&4to^'5.GI\C  +  n '‘^~W255’lte  = 


|G.P<C  -Lg  TKbs  \v\  tOI  ^-c 


[M-Ti  i  ro 


A  \W'^^^^\::^\Je-  4B  aj^’^u.vv\es  -LVe,  GAC  ?ci<-  |0  "l^Ci 

CfeW2x:^^aA£.  -kW,  avc^ui^c<'  PWe,  V  ^as.\i<2.  ^cs-c 

Pv\W^a.kjvj<,  cS  ,  “Tke  •Pblkubv\^^  opc^'at-k'v^^ 

Cc^'l'b  acce  c5ie')eWpec)l  V^glc^ui*. 


•  5-sc 

•  E  \e^'k.-citai.\ 

•  G  <\C.  u-~,a.^c 

•  G  A  C.  \v\c^\Aa<a.\^«>v\ 


VAc>VN<\£i'C''.vr\^  —  Cci^k>w:^  VV^  A\'k,.^ 


S-y^  CCi?5>^5>\rs<^  \.V^  C\\k.  i 

£\ec:4.'r't2t\  -  EVecWvtaA  u-sai^  o:i?y<>  ^'^c\opG<^  V5a5>^  c>'^ 


p. 


9^  - 


•yyia^'vvvw^-rv-.  2.5^0 

rr>e>^'c  e-^ic^e^ty  75  ^o 

^'^fVc.75  ><  Ipuyw^  rL  ^  J<  0.745 

^  ZOI^OS'O 

FeeSi  Oia.vaO  lfY^3v't^V'^Uv^  r&W  350 

^•^lcA.ev<,y  o?  'J'Sy% 

"^\W/ci75  1  pu>r^p  Y  t<  t<C>JL5 

^  (oZ^^O  1^^ 

D'5c\s^«^<2.  '»v\3:'f.\v»v<>-'f^ 

Ions' -f.  l  p^»"0  f  ^'/Js-Y  ’^‘•^  ■^»//yr  )C  0.7(.i^ 

.'  !  '-f 


vp 


/993 

E^  l6c  •k'c^caA  (CCiVN^. . 

“To-La-V  (eWc\,'c''-c^\  usa'\€. 

=  201,050  Myc  £2,550  :  >=WyT  +  7-lj +g0 
=  335, 080 

3.  lOjO^C)  ?A3  toliiVv  U<sV4'V,& 

3>Ci  ■C't  -Ca^vNc^lH. 
fY\a>.^v\A.ev\a.v<ce  -fajc^sx-  Ci.7Ci  . 

^  |C:.,0c.otf -<  3oa-c».-.AWs  ^ 

5‘c>  idxniCws/ u^4  (O^KS) 

S.(e>  kui  y.  2AVr/(^y  yt.  ^US^o^'I^Si  7‘5yCiCiC> 


Elec4-^^<i3\  -  l\y\  'SOVe.  C  Wrl'tVcaL.V  tc>a.<b 

ai-^StAVN€<i  4^c>-c  o^Wc  'Ae€<ia»^  ,ec^ 

^(^080  ^ 

=  205^040  ('1'^ 

'To'W^  Q,WA.^caX  ^15^120 


GI\C  U^&-«\J_  "  G  Ac.  ^  <:exT>c»je.  ^>A\  Ai^Vsj. 

CO'^'^  ,  ~t\^f4jaL.\  g.-fpltoSvN€.  COrxC.t'^'^J^^i^yv 

oiacS  \Xsa.n\£<^  -tci  vVN  C5r<r<ijtr  -to  b-'iciv(il 

Yr\»,Ajtcvv\  • 

E'fp^os»v'ie.  Ig&A^vvq.  ^  QK^  ^ 

^tOOAJK^lL  "’"I 

£25^0(0  y'^i/v 


^a\  I  mV 


m<v\  Tt. 


''°^^S^<^  =~¥)05 

SfpS\'ati\^'iS-^t.t~l<  1.  =  I12.,930  >V>&KC( 

1 12,930  »£ G(\t  ly,  w 


vtiM. 


'Dec  %  ms 


G  I\C1  (.O^V^\; 

ILS  i^\f  j  SiS  W-i  (i|\c  =  ^,5  (^|i  j^^(X 


fiKC.  \'r\c\vNC<-3-^^'^  -  ^pev^\.  Gl\C_  CaAcu-W^A^  vvs  pr^'A^c.vjA  CaAc, 

cuxa.-^VAy  ci^  G  C.  I  v"^  ^.‘ii'^u.vA.ccJ)  Ge. 

3>SS  |\5 

S.S  4j^«,G(\C  2C)CiCi\\o/^,,  -.c  '  ^■~W35S’!te  =  33^^^4 


^  risk  iA  30  y> 


\)ecl-  , 


Pilte-cvx^V^vja  ^ss'tx^e.s  IW  o.i:.e.  Un)|os.'^c^o  V'os-,  G  f\  C  pciV^^l^v^ 

&“■<'  BOyscS  Aj:::^  •<:ev^^G(^^ j,\£.  4W_  cXC|u:^^c•c  Vci  risk-T^Ke  ^  -C<x-\£. 

-Tcj-^  4-V.v’^  Si_V\£<v^'j^ -Uvi^.  "TS  •  I  ^Ks.  -/e»|lc>ijJisv'£^ 

o^  c^e')e\ibpec^  ^oeWu^l 

*  Hci'rS  '  \iS-C  V  6s^ 


o  S-'^^  12eNt''.eu>" 

•  h\etaA^  P-^Gc^9'\£x\.v 

*  E\£c\.'CNcaL\ 


0^ciV\2. 

•  GI^C. 

*  Gf\C  I  Yn  Gw*  <  Ci  v<\ 


lAciYW  \xi>Cvv\C^—  Co^\vv\«^  'v>^  (\\\,.  ^ 

'S'-  r'^c  '2eMvS\>>i  -  See  tr\  k'^k  A  ^ 

tAe\.-».\  l^cc^P’i  \.^Vk>v-\  -  Aod^sec^  c>v>  cov^Nje'CScGG^'AS 

l>iv'tV\  t\Y\c:^C.O  £^V''COv\W\2  'vVote'.^e'i  sJt'C^V'.cc^  V>&.sec\  c>'rs 

E?f\  s^'^cXy  fc^c  We  •cev>r\o'^\  Wa^'jy 

Co^Ai  -poc  cVevWst^Xs  45^^  OltAOk  oJiatW  uia.s^OL^  /lOOO^^l 


E  WcA-^vCa^X  -  Olsea-^  Uiajb  c^'ie.Vope<i  Vaasecll  c>vn  iA'O  VIqVVs,  pL.-rvvp^^  ^ 

TV\''SC.  C\ec\5''Ca.\  PcK-  Vcx'-X^lvv^  ^  \i<^V\,lv\e^  ^  Ge4., 

ElecW'CaA  cciS'i  es\;vvvNoAe  ■A&'T  A^  UjA  AiWAs  uias  Noex-seci)  q>v\  CowJiK^a.- 

A^osas  beWeev^  V:ev'vv^  C1W\\\  oj;  Dou.<^'p0acA  S:>k.-C 

CVcws  .  “T’V^^  Sc>W-<r  CW>n^  Ckc4.<^^3L\  USCC^  becajuv?- 

lA^  Vv'^W-c  A:Vs.>,^  (/l\45'o'IL'i  SsAj'-v^esL^ift  -tVfi'Cfi  4o<e  beV^vic^ 

-ic>  Ace.  mo<e.  cowys-cvi^.A-vse,  ' 


7-ii  jlOOO^dA  ci^ 


r6 


ZAV- 


-^SAryf  _  40^994 


42-3%}  200nECYC[,t:D  W>l!IE 


A\  (CCiN 


E  s-  \  (  CC>v-\  -L  > 

^j3%^dCD  3^(y^r 


%^%,dCD  g^y-r  ^  ySKVlVr  ^  3_,  k  Wkc/y^ 

&,,^A\sov^\  \S')fc,  &.Ji,^(.A  4c  kWe.puvv,ps 

a-vvdi  nrN\^Cx  e.l<ic-U^<^\  ai5a^<L.  ^  ' 

3.  i  \\  )e:^\^\\<  I ^ ^  y.  IvlS"  rv^^:^ce,lec\.■c•'c^».V^  =.  3! 6  ^Ak.l>ilvr 


0-£(^V\?.  - 


Cc:>^-1\  ^Te.W^Ci^  e:kc.W^Q&\  Qc^’^\s.  ^C^C^Llk'^V 

■  O  i  n  /^;^.  Ov^  tw&e. 


G  AC  ass.^5.  -  G  A  c  o.i.(2.i  ui|  a'llci^  -U  ooV^V  tu 

5\,caa.-r- .  Ta^\  efpWt>Ue.  C(s,ACe-A\f!^%vc  c,v^  G 
V'^  Ci-cae-’^  4^  V\Ov>i^N^C^ 

EtpW  lc>j.di>-=  Ao  GAC  a.  VosA^vs.  C.C  •iCi'',^ 

•kVe.  c>'C^<^vvN3,\  eci^oc•v^■t<'a\.'!c,v^ 

5-^0  ^Vl 

It/yr 

1 04  lb  eA:p\o5.V(^  1 1.  ^  KC  /  IL  Oacl/ 

y^T's^^  /O.Ol  iV>  -  2^40  ^i- 

2.640 '"pGrPvC  /  \to\rv/  ,  j, 

i  /'i'^  ^  /Z£>0o\\o  -  /.SjWGAC/y^ 

C-a^cV-ovN  ClKo-'^c^  G>v/^4.  i 

SGS-Aa-y^/yc  K  1-f^  /j.sItvssGAC  =  2e|l(ie.fa/ttov^ 

I  I 


\'r\C.'\V\C<^^'Ov^  —  ^'P^.Vn  ■t  G  f\C  oAcu.W4ec^  p<eN)'OU';,  C^\C. 

(.Sltovs^/y,  ^  It  • 


D^^V>o'^a-\-  TW^  \'5i  ^o-c  \Xz.  C>^  V\>|A<Ci>tlAe  "Siluc^^e^  ?-cci> 

4^2.  'rA2,4.2>-\  P'cg.cv^^:4&A.'c>'A  u-vn'V  s»-  ^yv\3-u  a.w\«iU' 

Su’^ipe'^c^cc^  'SolvC^'b  -tVfi,  ^i^-\,-^aA.^ovs  \>i)Ci\\^, 

p>COC^vxCL4,^CiV\  i’^\cia.'a®0  Civs  ObVsNiCC'Sid.-UiE^vAS  Vji,\A\s 

A^Ac-o  Ev^^J'>.'Cc>'^v^^esv\a^l  Pcociesses.  (S.  2  '''° /icybo^^al  ) 


S.2  /•  !  ^a.\  / vAvvs  y< 


SB- 


I*1Q  ri^  10  ^cs. 


f,  mL 


Pil-t,c-cv\^V.^vto.  5B  ^ss'tx^e.^  IW  o.'^e.  c.1^  U\)(ow.'^c^o-\-'ov^  G  f\  C 

y>rs  ^  ■Cevv-sG(A^&.\£.  4^^  &i,c|KAe-c  4:0  iMo'n'dk.T'lve  ^U^'Tol.-^^. 

-fc-c  twi’b  acVWA-Skli'oe.  200  ^j>(^  .  T'Ke  ■/illow''^ 

Ope^s.\.vv^  Co^4-S  c4e^ie\t.pG<^  V3C.\csu^“ 

*  Movn' VNft^ 
a  sT-y^  12e't''.eu>“ 

*  E\Cc\.-<^C5s.\ 

*  OrLtovMS. 

•  G  I^C. 

•  GPvC  lY\c.^v\e<  a.4.'tiv\ 

•  Dispc>sa.\ 


\Acs!>r\v \ci'Cvv\(^—  Co^\^v\<:^  vv^  i\\4..  Z 

>S'“'^c  '2eN\ev*^  -  A- 

tAeW\  ’R‘CC^p\  QlCi^^:,  ovN  Cjo>rv'vje<‘Si2>A,v^i>AS. 

14y\c:^Co  E^V''Cov\vv\ev\'4>.\  *vVoc.e'>^>e'i  ^Y^ 

E?t\  4'o^  \.Ve.  •«rew\o'ia.\  oSJ  Wea^'iy  'rY\eA:at\*b. 

- . Co^Ai  -^o-c  cVe'fVvXt^vX^  45^V,  QtAOlA  Oi>aL\iB<r  uia.’^^Ow^  /lOOO^ 

E  \Gc\.<'^Cei-\  “  «Os:b  c^'ieVopc*^  'basjzci  c>vn  lA'O  VIqV^S,  pt^-n^ps,^  ^ 

rA''SC.  GlScA^-^'Ca-N  V\ea-\j^v>^  \>cx''VAIv>i^  ^  \i^V\.lvvc^  j  GgA:.* 

ElecW'taA  Cci^)\  es^iwNsAe,  Ac.'c-  •^^e,  U.'4  v^auSi  \o&.sec^  ovo  cowOe^a 

^ovss  be4.v>:ieev^  \ce>j'vvA  Cl^wV^\\  o5v  Kt>\-  Dot.<^l^c4  S2>W.-c 
CVcvA  .  ^  Vv^  ^c>W-c  CV\evv>  C  lec4-< ^  taA  V>^  ca-wv^  - 

i4.  lOes-^i  Vv'^'We-c  (/ilt^oSLb  4;V£'C£ -^o-ce.  bG.V'''i£^ 

“1-0  432.  mcKXi,  Cov\’y2<'iaA.vye,  ^ 


7-ii  k^Vs  jlCX^O^eA 

200^1/ 

/7Viin 


V\\vV\ 


_ ^  "ZAv^  .  l^aS'd.vsY  ^ 

da-/  V 


l05;\2D,000^y^r 


POOWCYCLFO  wHirf:  5  souAi^i 


A\  5  B  (coN^~\-h 


E\2C^-c'^ca-\  (, Cc>'^ 

105^120,00  5^^:  ^  '^5’KWV^  ^  g 

^''N  /c>  C>\  ^  U^V>t  ■fo'C  ^iWs.  •poww-N 

2tVNcii  a-ba^cL, 

?■.  9  \v\S"  (.  W  pwfAps^ 'rK\'^t£lec\.^'C».\'^  =■  ^«|  kWi\r 

O'^CiVN?,  -  CcavL'b  ■a.'ce.  \o3l^  Civ^  e  ke.  W^cai.\  CCi's>\s>  o^ 

^vnO  2k VN  C^CiSe  'Zrr.Q  (^  /w^^^r-,.  36-^:^ A  C>v\  •kWs^- 

mpikt^  4W  h;\ekYx  reob'C^  ^VN  0> 

Ccs^  ^0.25-//Qoc^cr2^\  ^ 


S.4 


G  f\C  LX^b.<^^  -  G  PlC  U^G(^  ui(  IX^fCijC  -kb  poV*a.V,  4.Vj2.  Q'C^o.vxci 

skre^'T^ .  Tc-W\  C(b'AQew\<raL^?i^  (^Y\  G  K< 

\  -kts  \v\Cb’CQ^<‘  “kb  &>iCbvA 


Eitfktiv'te  lo;^d^v^Q.  kb  Gj\C  3_  Vcos^di^wi 

4.Ve.  O'F'^'^'^aN  C,c»rNce-r>t<2>-Njo>v\  c>SJl  S_,  AOCbyk*.^ /L  ^ 

^^0  ^Vl  ^  ^•^'i  2c05.j/_,^  P  SS5l^r:^  ^ 

t  474  Ib/yr 

W  Ik  '^'^/o.oilV.E^te.^  =  £7?0  <b<?«54r 

\tc>yk  ■  ' 


'k'As  G  f^C  I 


G^o 

i  /'/'T  ■/  /  ZJbOo  \\a  —  3*4 

C-B.c\2QV\  CVkZk'TvC^  bv^k 

3G5^(kay'S>  j<  lyv  /  3.4  Ac.  =■  J0if|c^y5i  /  koNr^ 


07^^ Cl  \'r\c:\VNe<5>-\.vO'v-N  —  G  (\C  Cs^\c'j.\&.-\j0(^  U'n  C^\c.  ^ 

G^c  jdcixv^  '/^  a.^sv^'^ec^  l,c:,  33^1^:>|c^<axv, 

3.4lw/^,  ,  ^  =  35.3lci.u.^,, 


Di'Ssfio'ia\  TW-%  \5,  tv  <i'.s.pj.%a.\  ej;  V\jA<ti.,^<ie.  •alujaet,  fcc^w 
tv  m2.U\  p^c;piW;..s^  uvs^t  a...d  a, 

SUlap£x^OJ20  ^o\\0^  ^CCiVv^  "tWe  (^/-^.CaAjiCiVN  \j^e,l\'b, 
SciUo'^  pcQdvxc.Wv\  ■i«v,\ca.<j,e(:5  ov\  Ccs^^^ic'C'2»^L4i(s,v^s  (aI^iAJu 
Aa^ccs  Ev’sjl'Co-Avvvevv'Vatl  (^<St  Z  /lCiCiC>'^a\ 


.  I 

S.z.  '^/ltiC>Ci^a.\  ,C  2a>|^a.\/vAivs  y  ^ 


VzcvSilV^ 


||]\\  W-C  ~  lQ.t^C.  -Lo  t*l&  nsk  v*^  SO  _ Ut:C  1-  VTi  O _ 


A  \\£<vn2^  (o/l  a<ybu.w^es  -LVe.  Ci^  GAC.  ^cs.-c  SO  >yri»  "tci 
^wseic^^aAE.  -tW  &,c^uv5^C'C  -hi  “T”We,  ■? 

^\U«ry^a•Vi^J^  cs  IQ  Q>s;  opcca-liv^ 

Ccs»4:.'i>  cie'ieVipei^i 


Hc>'rvv\ii.-C'v^ 
S-w  c  ■rC'^v^vO 

E\e<L4-^^\ 


•  G  tVC. 

•  GAC  lr\c^voa<aA><»v\ 


VAtiY\^\£i'Cv\r\<^  —  vv^  tV\'^»^ 


£\ec4.<^t8.\  -  E’WcWvt&N  o::ib.s  <k.'^c\6fGA  Vjasc^  ovs 


Pu 


UY^ 


- 


TV>e>^'^  C^^vC'C'^t-y  ®  ;  GoT'o 

2*5 3  puYv\i^  )C  *  '^^l-i-:  <  0.74S*|»4.^ 

=  83, w 

pi*v»\p  fAOs.'t^uv^  iOO  ^  2.-0  Kp 

^•^itle'ACY  o?  GO  y% 

2.V7/0.6O  •<  \p>Av~f  K  ^‘''''■/(}»Y  -K  !<C>.74S' 

=  22,340  k,>i /,,< 


vKtr 


M<“ 


D'5c\^-9.^*t  TAa^+'vyvv^wv,  ■Cd-VvxO  lOO0pf^j"3  Kp 

GO  \ 

3^'?/o.Go^  1  P^v^.;p  ,c  2"^ ^  ^ 

^  3'2>^S10  KxO/^>|<- 


■VtC'af 


1. 


Da  him 


£■  Wc  •D'c^caA  Ccciv\\. .  D 

'To'La.l  puwx'p  ekcWvc^\  usa<^e. 

.  33,510 


U^vi^vvo.  -  ajssuv^e.  ^  io,D0>Ci  UoV4'vv>^ 

r^c^u^-^vvvev^'V-'b  3  O  ^  4  -  Cd.vy^lei 

-  fY\a.iv\A.ev^a-vy:e  -fax-W-  0^.7^. 

|0,OC:iOJf4?  SL  30  ^4.-ci».v^(^lcs  rs  /  Arv  \\ 

-  _! _ ^ _ _  =  s,  ^>60  u:>8.^’b 

SoifAniCw5i/(>^4  ^O.TD) 

s.le  ku^  H  2AVr/(^y  2>(cS<^pfsi^s  y^S/OCiO  kuii/>^c 

hv5si.  Elec4?r^<3.\  -  SOVo  eWU^catV 

3L,'^SuvNedk  Y\^^%  Ou^vAe  ,ec4. 

■  =  (  \ZISS0^  t-/^^  ^  75,000  k^lfr:)x  O- S’  ... 

i  IDTiZTS' kv^  1^^ 

”ToA:atA  (iWXcNtaX  32.1^  B2.S^ 


‘^pVrvQsWL 


Gf\C.  -  G  Ac.  (x^c^i  4j5i  <:<t-rrNO'^  aA\  ^Vg.  ^^^U'si'ie. 

COvn\  e-fplto^Nt  Clc:>AC.Cv\4^^3bv 

\VN  cycAa-r  -to  b-'iOvA 
YYVW.AiC-'CvvX  , 

-t!kt  Q  ^0  ajssu-w^eA  ^  \>g_ 

^-<60  ^  . . I 

SpQ^^^ll  y.  3.7V:L/^  ^  7^i^\/r.wv  ^ 

’}<  ''®A«S‘\^  =  1 95(£?  ^'yr 

^  |95&\^ef pioVvoe.  /^<-  /c> .67  \V3 wpW  =■  2C,43ol^&kc4 

26,43.tVGl\t(y.  .  = 


\:,ecvN'a»A:>Njg. 


G  KC.  ^ 

Qiy-<  \:3CiVN  Ci'-^A:- 

5^5"  1^'^  y.  \  ^<  /  13.Z  |■h^Y\Q^C 

(i\\C_  Iyxc^vnc-cs-^^'a  -  ^pev\-^  C^VcvxWN^ 

oixa>NV\  GI\C.|  A-«ru'<^  1^  a.S^uv/ve<i  Ge. 
33S  l\a  jdl-CVXNVN 

l324j^'>Gi\C  +  20Cio\Va/w  TC ' '^-"-^/iSS’it  =  79  (io" 


i\ \  W-c Cpt5  —  IQst^c.  to  hsk  vv\  ._LCi_^ 


iJC^  lj  I  TJ^ 


A  \ WvNa^ £B  aL‘y?iU.vv\e«»  4:.Ve.  GAC.  ?ca>-c  lO  N/r'!*  "tci 

4W  a^c^uv^c<-  ■ica  ~T“We,  ^  ^Ra.\:.<2.  ?cs-c 

CS  2.00  Qp(»\  . 

c^e^aeVapedl  V^elcaiuiil 


®  Vv.^ 

•  5-W  c  'CCSv^Vii 

‘  E\e<L4.'^^\ 

•  G  f^C. 

•  GAC  lv\Cv\AecaA^fev\ 


t)\lt 


S-y^ S<ie.  \vs 

^\Sc4.<'''ta.\  -  EWcWv^N  Uia^  ^'^c\oy^  c>v\  puvA9*!»^ 


ITi 


,,5  kp 


C^vc'ewty  ^S% 

^  fVo.TS  ><  >(  0.74SI=:'^/, 

=  I'i.+.OSO 
Fe^ 


pUVAO  lfY^Sw't^^vUv^  251)  Cp(V\  J  S  Kp 

^V^/o.7S’  \pu>r^^  %  tc  T<0>.1L^ 

^  44^(2?75^k«>i /y< 

D'ScVo-CQs.?.  TA3.'i.vv»vu.v^  25Dop{VV,^kp  VKb^* 

o^  TS\  "  ^ 


^t 

/0.75'  tc  1  K  21  i  onu 

-  6>^;-5C)0  KvOfy< 


Vp 


vJ 

Wf 


_ [ 


^  Icc  •k'C'CsA  Ccciv\\:. .  ^ 

“To-La-l  puws^  <^\ec4,'C'cat.\  lxS9-<j€- 
^  134,030 

=  24^205' 

U\V4.^vvc  -  asso.'^t  a-  lO,ot^  ?-\?  wiU^  UA-tua, 

^  ^c^u^-^vvvev-^4s>  ^5^  ■f-'^  -td^vy^le^  fe«. 

fY\ak.^v\A,ev\a.v<^  ^sjc-^sx-  Ci.7^  * 

5"Ci  jdxAvews/ td^A. 

S.(o  kui  y.  ^AVv/dJi^y  ift, 

H'v^si.  E\ec4s:^<i3-\.  -  SoVo  cWl<-VcaA  tc>&«s 

at’^iSuvNcdi  Acx*  o^Wc  mccJiv  ouAv^^e  V^<^V\iw;^  ,ec^ 

=  (241,20? ^  -jS^pocik-lyT-)  <0.5" 

:s  |5g>,l0O,  kuil^r 

G IX  C.  Us&-^  "  G  AQ.  o^7«j^  a^<5i  <:e'rrxo'^  ^^-\\  AVe. 

CO'^A  v=r^'VN.e-A^v\ ,  Cr-fplciVvsfi,  Cc>/N0.crvA<3tX;^v^ 

\\.s^.^.Xe<^  At>  '7'Vti  \vn  cycAe-r  Ao  V\jjo4iv\(^ 

TnwAtcvb-X » 

Ics&d^'^v  4X^  &^u>fv^eA  At^ 

^460  '  ’  '  "'  I 

5-,400,«^)L  1^  ^•■'''t/2^».\  <  200  ^a.\/mVvv 

if.  '^^^^/c>.C>7  WseffW^e.  =  ^^?<S  lAGrKC/ 

\Aoy\ 


QsWL 


\\>Q{\(Hyx  t 


~  33.*) 


(oB  [tt 


C^'C 


Dec  ^/ 993 


ILS  iki%lp  i.\^<:  1 3J.9  4^.^c.t\c  =  l0i^4.-fi /4^.v^C^C 


^KC.  W^vns<3-V^v\  -  Spevs\,  GKC  Cd.W\a.\Ai  \VN  p^Nj^ciVjA  CdAci, 

C|o.a.-^ViAY  GI\(L  I  (i-ctx'r^  v'b 
5  2>S  iVs  I  ci<vx 

339WG(\C  +  2oCiCi\\c./4i.^  =  202  Idiwi 


